12 United States Patent

Jinno

US010893193B2

US 10,893,193 B2
Jan. 12, 2021

(10) Patent No.:
45) Date of Patent:

(54) IMAGE PROCESSING APPARATUS, IMAGE
PROCESSING METHOD, AND STORAGE
MEDIUM

1/6019; HO4N 9/69; HO4N 1/54; HO4N
5/23222; HO4AN 5/232945; HO4N 5/22358;
HO4N 1/6005; HO4N 1/6027

See application file for complete search history.

(71) Applicant: CANON KABUSHIKI KAISHA, (56) References Cited
Tokyo (IP)
U.S. PATENT DOCUMENTS
(72) Inventor: Takayuki Jinno, Yokohama (JP) .
5,223,951 A * 6/1993 Umakoshi ............ HO4N 1/4095
(73) Assignee: Canon Kabushiki Kaisha, Tokyo (JP) 2005/0062854 A1l 3/2005 Shiraishi 3587406
2005/0093992 Al1*  5/2005 Fukumoto ................. GO6T 7/90
(*) Notice: Subject to any disclaimer, the term of this 348/222.1
patent IS ex‘[ended Or ad‘]usted under 35 2010/0323282 Al 8 12/2010 UHO .......................... GOBF 1/70
430/5
U.5.C. 154(b) by 2 days. 2011/0242352 Al* 10/2011 Hikosaka ............. HO4N 5/3572
348/222.1
(21) Appl. No.: 16/272,486 (Continued)
(22) Filed:  Feb. 11, 2019 FOREIGN PATENT DOCUMENTS
(65) Prior Publication Data Jp 2005-065054 A 3/2005
Primary Examiner — Hung H Lam
US 201970268535 Al Aug. 29, 2019 (74) Attorney, Agent, or Firm — Canon U.S.A., Inc. IP
Divis;
(30) Foreign Application Priority Data SO
(37) ABSTRACT
Feb. 28, 2018  (IP) e, 2018-035568 An image processing apparatus includes a first acquisition
unmt configured to acquire first data based on a first 1image
(51) Int. CIL that includes a high-luminance region and a second 1mage
HO4N 5/232 (2006.01) that includes an overlapping region with the first image and
HO4N 9/69 (2006.01) that does not include the high-luminance region, the first
HO4N 1/60 (2006.01) data representing tlare distribution 1n the overlapping region
HO4N 1/54 (2006.01) in the first 1mage, a second acquisition unit configured to
(52) U.S. CL acquire second data representing a position of the high-
CPC ... HO4N 5/23229 (2013.01); H04N 1/54  luminance region in the first image, a generation unit con-
(2013.01); HO4N 1/6019 (2013.01); HO4N figured to generate third data representing flare distribution
5/23222 (2013.01); HO4N 5/23296 (2013.01); in the first image based on the first data and the second data,
HO4N 9/69 (2013.01) and a correction unit configured to correct the first image
(58) TField of Classification Search based on the third data.
CPC ........... HO4N 5/23229; HO4N 5/23296; HO4N 20 Claims, 20 Drawing Sheets
i 1497 TiILTE.‘ ?E{')S I
CF*-;’..J i E RO E HI;.M
e T
, ¥ ¥ Y :
| T i i T
L4 : 1 . ¥ . r: : '
| PURPOSE UF | SATA UF VIDEO UF |
- ; -
‘ "F_?_ ________ ot i--“ _____ 15 e L ****** :‘
] e e | ey
S - N B /-3 17
;f"*’”' APPARATUS EFUEESEEH %:ifﬁm-:]
CWAGE PROCESSING RPPARATUS T
E’?'I 2?2
e S
2035 I [ 206 207 ! %9 t;’u-.:
SEESE%E‘S?,,E _rJ_., EEE,%%;‘,'QE o %fgﬁ%%ﬁg’ ] GEHERATICN _T {_ CORAECTION




US 10,893,193 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2013/0050519 Al1*  2/2013 Lee ...cooooevrvinnnnnnnn, HO4N 5/2355
348/222.1
2014/0306951 Al1* 10/2014 Toiyama ................. GO6T 5/005
345/419
2018/0302544 Al1* 10/2018 Dhiman .................. GO6T 7/246

* cited by examiner



U.S. Patent Jan. 12,2021 Sheet 1 of 20 US 10,893,193 B2

- GENERAL- (e o ]
PURPOSE IfF | | SATAVF VIDEO I/F |

DISPLAY




US 10,893,193 B2

| s R prn B
: 2] o T m
= “ - ”
5 m 3 zammm_mgq m
m ) LNR
“ 802 LNANOLLYIISI ¢ P02 | NoILSINDOY
= ” NOIWLYOVHDIG | | IOV
Q e T Yo |
o A8 LOS
: ) —
- SNLVHVddY ONISSIN0H IOV
V
/

U.S. Patent



U.S. Patent Jan. 12,2021 Sheet 3 of 20 US 10,893,193 B2

/““8303




US 10,893,193 B2

Sheet 4 of 20

Jan. 12, 2021

U.S. Patent

r
r

&
4 & & & & & & & & & & & & & b b s kb s kS s kS s kS
&
L]

L
F

L
L

.r.r.r.r.r.r.r.r.r.r.r.r.r.r
.T.r.r.'.r.T.r.T.r.T
.r.r.r.r.r.r.r.r.r
.T.r.'.r.T.r.T.r.T.r.T.r.r.T
i & &
L]
L I

L]

r

L
F
L

r
r

&
F . I
L]

o & &
E E

A b bk bk bk ok ok
& &

b h b h bk s ks h o rh s h rh ks h o s h S

&
F I I I B B R i &
E L]
.r.T.r.T.r.T.r.T.r.T.r
.r.r.r b & & b b koA
o b b b bk ko h Nk
.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r

.T.r.'.r.T.r.T.r.r.T.r

dr b b ok b ko h S

]
o
L L}
I
[

r
rF
r
i
r
r
L
r
r
F
L
r
L
r
r
r
r
L
r

&

r
bb‘.bb
r

F I I I B B R

b b h ok ok
b & & b b koA
dr b b ok b ko h S
A b b b b bk bk b Ak ok
o h ok bk s A

F I I I B B R i & &
.T.r.f.r.T.r.T.r.T.r.T.r.r.T
b & & b b koA
dr b b ok b ko h S
b b & b b b bk k Aok
A b kb b h S h S N
4 & & & & & b & & & k&
b b b bk bk kh o h N

N »oa
e de dp o de dp dr dp e

T R S T R T R N U |
.'..T .T.T.T o .T.T.T.'..T.'..T.T

r
r
r
r
r
r
r

b b h ok ok

r

F

r L .
L I O
rF

r
r
Frrr
r
r

Frrrrr
r
r

L
L.
F
F
r
F
r
L
L.
r
r
r
L.
r

L]

&
r & b N
L]
b b &

E
&

L]
b b ok

r

o

L4

F . I
L]
b b &

E
&

r
Fr
r
r
Frrrbrbrririr

r

&
L]

r
r
rF
r
r

b b &

F rrrrbrbrrrir
r

r

r
L
rF
L .
r

L] L4
[ "

b‘.b b*b L
[ "
L] L}
r

L]
r
r
FF
FFrrrr
FF
L.

L

&
F I I I B B R

i &
b Jr .r.r.T b b b ok ok
b & & b b koA
o & & N o b b b bk bk S h A N r & b N
F I T N RO T R T DO DO N DO R RO ROF TN RN R R ROF TN RF NN DN R N D R I
b h ok bk s s b h o s h N ks Eh N h S N .r.r.T L]
l.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r”.r.r.r”
o e e e e et e e e e i i ot et et e
- E I T T D R RO R RO R RO DO B RO TR DO T N DO R R ROF RN N RN RN ROF B DOF DO BN DO BN RN R R )

.T.r.'.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.r.T.r

L]

r
L .
r
F

L]
r

r
r
r
r

L
r
F
r
Frrriririr

F

r
r
r
r
r
Frrrbrbrrbrriririr
r
L.
r

bk kb ok ok b b ok

r
r

r
r
r

Frrr
r

Frrrr
Frrr

L
r

Frrrr
Frrr
F

L.
r
Frrrr
r
F
L

L.
r

Fr
r

F

F
Frrriririr

F

L.
r
r
r

Frrrr
L.

L]
r
r
L.
L
r

o
L}
r
L4

F

&
L]

L]
L.
F

r
FrFrrlrrrrrrrr

Frrr
r

& b &

r
r
L
Fr
L
F
L
r
r
L

L]
r
r
r

r r
bb*bb

Frrrrbr irir
L.

Frrr

L.

&
&
L]

r
r
r
L
r
r

o b b bk ko h N
A b bk bk bk ok ok

.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.'.r.T.r.T.r.'.r.T.r.r.T
F I I I B B R .

.T.r.r.f.r.T.r.T.r.T.r.T
.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r
o b b b bk bk S h A N

.r.r.r.r.r.r.r.r.r.r
.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.'.r.T.r.T.r.'.r.T.r.r.T
i & &
L]
o

b & &
&
.T.r.r.T
.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r

F
F

F
Frrrrrrir
Frrrr

r
r

r

r

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
F
r
L.
r
r
r
r
r
r
r
r
r
bbbbbbbbb

r
r

L ]
Ly

r
r
L

&
L]

r
r
r
r
r
r

r
r
i

o &

r
r

F I I I B B R

.T.r.r.r.f.r.r b ok ok
4 & & & & & & & & b & & b & & b b E s s ks s ks s E s s ks s s s s ks s kS s kS s ES

L}
"
L}
r
L4
"
L}
"
r
b'rlrlrlr
r
L
L4
"
L}
L
L

L]
[
L]
[
L
L]
"
NS
[
L]
[
L

L h b b h b & P
A b b h Mk M & dr & N
2 a a a ok e
B i Ay Y X
RN & I
2 kb h kM k kM
Ak I i e Y
NN
2 a a a a ok Y
I A S S )
YN I
RN
I I Y
A b b h Mk M & dr & N
2 a a a ok Y
2k h h h kA E k k ko
RN I
2 kb h kM k kM
I i e Y
NN I
2 a a a a ok Y
b b b b b h bk b bk bk N
NN & I
RN a2 X
RN Y
b & b h b h Mk Mk bk
P e
"= omomoEmomoEmomom "2 xomomomomomom RN
r e rararara rararErar RN & I
" s m oo oEmoEoEom " xoxomomomomomom F ke h bk bk Mk d kS
rrrrrrrrorr rrrrrrrrr 2 h h h h kA kK Y
" s xonoE oo " xxomomomomoEoE I NN I
rararararoa r e rarErar 'R - YRR X 2 a a a a ok Y
. R " x xomomomomomom e RN NN NN - b b b b b h bk b bk bk N
r FrrrrrCrCrrCrErCrErrEErECrfErFErrrErEFfFrfFfFfFfLrrrFrFfFfrLrLr L ErECECET NREEN - EE RN, - N N
v " = 2 " 2 EmE EE E = EEEEEEEEEEEEEE == EEEEEEEEEEEEEEEEHE R FEREEEEREREE T RN
r r " r mrarsrsrasrasrasrasrasrsrasrasrasrarsrasrasrasrarasroar RN -] RN Y
e = = & & & & & = " " W E E E E E E NN E N EEEEE NN EEEEEEEEEEEEEEEEE R EE RN N b & b h b h Mk Mk bk
rrrrrrrrrrrrrrrrrrrrFrFrFrPrPErPFrPFrPrRErFErFERERPRECPPErRPEREFrRFREREFREECFET YN - N e
Be = = = & = = = = 2 " W E m E E E oE N EEEEEEEEEEEEEEEEEEEEEEEEEEE RN FEEEEREEE YN RN
X r " rEmrasrsrasrasrasrasrasrsrsrasrasrsrsrscrasrasrasrarasrar IR "I N RN N
dr #fJs =" = = = = E E m ®m ®m ®moE W E E@E®E === @33 @EEEE == ®mEEEEEEEEEEEEEEEoEE e T T N T R A F ke h bk bk Mk d kS
I k ¥ rrrrFrrrrrrrrrrrrrrrrrFrFrFr®rEFrPFrPFrPrErErEErErPrRECrPTEErErEE®rE®ECECFET NN YR - T 2 h h h h kA kK Y
drdp dr dfffs = m E E ® ® ® ®E N N N N N E ®E ®E N E®EE S S ®E = =% ¥ N E S EEEEEEEEEEEEEEE R I N N
dr dp o dp r mrmrasrasrasrasrasrasrasrasresrasrasrasrasrsrasrasrasrarasroar R RENEENER - TN RN e
drdp dp dr diffs = = = Em = m ®m ®m ®m ®m W E N E ®E ®E ®E E®E®E S5 = === E3EEEEE=EEEEEEEEEEEEE e T T R N N R b b b b b h bk b bk bk N
X i & i R N N R R e e R R R e A R R R A R R e I I I &k RN I I I NN & I
drdp dp dr difs = m = E m m m ®m ®m ®m m E ®E E ®E ®E ®E EE@E @SS == =®m@33E == EE=EEEEEEEEEEEEE 2 4 2 & h E h k& k k kb Ak k& k k k ko Ak &k Ak kkh ok Ak RN
dr Jr 4 X r " r mrarsrsrasrasrasrasrasrsrasrasrasrarsrasrasrasrarasroar RN RN Y X X RN Y
drdp dp dr dJs = m E o E ® o ® ® ®m N N N N N E ®E ®E ®E EEE S E E =S = EE N E S EEEEEEEEEEEEEEE (3 b & b b dr h e h bk bk bk N b & b h b h Mk Mk bk
I d ki rrrrrrrrrrrrrrrrrrrrFrFrFrPrPErPFrPFrPrRErFErFERERPRECPPErRPEREFrRFREREFREECFET * 2k h h h kA E k k ko ko kA E Kk kA P X X P e
dr dp dp dr difs = = = = = m ®m ®m ®m ®m m N N E ®E ®m W E®E®E S5 = === @383@EEE3EE=EE=EEEEE = EEEEEE * & i Y Y Y A h h R kR Ak Y A h h R kR Ak Y X
dr Jdr dp Jp ip Jr i Jr dr X r " rEmrasrsrasrasrasrasrasrsrsrasrasrsrsrscrasrasrasrarasrar i RN RN RN A I I RN & I
dp dp dp dp dp dr dr dp dp dp dfJs = m E E = = m m ®m o ®m W N N E ®E E ®m E E EE®E®E === 8383838583582 8=3838333@3 332323582 @maz & & & o Pk h Sk Jr ko b ok b b S ko kS h Sk bk ok dh bbb bk ok bk F ke h bk bk Mk d kS
b b & kb b b b 4 i rrrrrrrrorr & & & & Ak Y Ak A h h R kR Ak I X X I i e Y
dr dp dp dp dp iy dp i dr o i iy " s xonoE oo & & & & X Y Y NN I NN I
dr dp Jdp dp Jdr i dr dr dp dp dpodp dr rararararoa dr W i o i 2k h h h kA k k k ko ko h Ak Kk kK x X RN e
dp dp dp iy dr dr dp dp dp dy dp i ) R & & & & & & F e I Y ] b b b b b h bk b bk bk N
d d Jdr dr dr dr dp dp dp dr dr dr & X rrrrrrrrrr o o O & & RN I &k RN I I NN & I
dr dp dp dp dp iy iy dr dp dp e dp dp o i " s om o omoEmoEoEom o ok ok o Pl bk ok h Ak k& k k k ok ok k& k Ak k ok ko A kA RN
dp Jr dp Jr dr dr dp Jp dp Jr dr Jr dr 0 r e rarararoa & dr & d & i o dr Lk h kA k Lk RN Lk X RN Y
dr dp dp dp dp i iy dr dp o dp dp dr i ol RN ok ok ok i o o ok Sl bk b b b & Jr ok e ko b dr b dr ok ok bk N b & b h b h Mk Mk bk
o dr dp dp dr dr dr dr dp dp dp o dr dr dr Jdr 0 rrrrrrrrorr Pl & & & & 4 & & & % 2 2k h kA kA k k k ko h h Ak k k Ak k P e
dr dr dp dp dp dy dr dp dp dp dp dy dp dr dr dr e Al "= omomoEmomoEmomom & & & & ok & & & & & & QWL & Y Y Y A h h R kR Ak A h h R kR Ak Y X
dr Jdp dp Jr dr 0 ir 0 dp Jr ip Jr r e rararara & i o iy & e & i o i RN RN RN RN & I
dp dp dp oy iy dr dp dp e dp dp i il " s m oo oEmoEoEom e e N N N T T N N T T F ke h bk bk Mk d kS
b b b b b i b bk b bk rrrrrrrrorr & & &k & & & & & & & Lk h h kb Ak h ko h kb b h Ak Ak h ok X I i e Y
dp dp dp i i dr dp dp dp dp dp i ol " s xonoE oo & & O & & & & & & I Y Y NN I NN I
dr dp dp i dr dr dp dp dpodp dr rararararoa dr i dp o iy & e B dp i dr a2 Y a2 RN a2 X X x 2 a a a a ok Y
dp dp dp iy dr dr dp dp dp dy dp i ) R &k & &k &k & & & & & F Qb b b b b b b h b h bbb kb bbb hbhdhihlhihidhik I A S S )
J o d dr dr b dr dr dr dr 4 dr rrrrrrrrrr & o o & & & & & RN RN RN Ak Ak ok YN & I
dr dp dp dp dp dp i e dp dp e " s om o omoEmoEoEom e N N a2 a2 a2 RN a2 P a2 X
Jrodp Jrodr dr odr dp o dp Jr i N r e rarararoa & dp o dr & dr & dr & dr Lk h kb bk kh h hh kb b bk Ak Ak h ok X Lk I I Y
dr dp dp dp dp i dr ir dp dp ip i) RN ok ok ok i o o ok Sl bk b b b & Jr ok e ko b dr b dr ok ok bk N I A b b h Mk M & dr & N
o dr dr dr b dp dp o dr o4 dr rrrrrrrrorr o e ) P a2 T a2 X a2 2 a a a ok e
dr dp dp dp dp dy dr dr dp dp dp "= omomoEmomoEmomom & & &k & & & & & # JE kb b b & b b b b b & b b bk h h oAb h b ik b hh b b X 2k h h h kA E k k ko
drdp Jdr dr dr ir g dp Jroir Jr r e rararara o dp o iy & e & i o ir RN I Y RN I I I RN & I
dp ip dp dp dp i e dp dp e ) " s m oo oEmoEoEom Rk o  a  k  Jl k  A & A F e L e A T S X 2 kb h kM k kM
bk k b & & b ok K rrrrrrrrorr & & &k & & & & & & & Ak h h h h E Ak k ko Ak h h kA E kA X I P I i e Y
dr dr dp dp dp i i ir A " s xonoE oo & & O & & & & & & Y Y RN I I Y I NN I
P or o i a4 drour i rararararoa dr i dp o iy & e B dp i dr a2 Y a2 x RN a2 X a2 x a2 2 a a a a ok Y
W dr dr dr dr dr i dr Al R & & &k ok & & & & & F Qb b b b bk bk b h bbb b b bbb hbhdh ik ik ihidhikhid b b b b b h bk b bk bk N
Ik & o 4 i rrrrrrrrrr & o o & & & & & RN RN ] N N NN & I
dr dp dp e dp " s om o omoEmoEoEom R s e R N N N NN 2 a e e RN 2 a e e Y RN X
ok i b r e rarararoa dr o dp o dr & e & dp & dr Lk kb b bk k k h ok ok kb bk Ak kh kb Ak Ak Ak hh kbAoA E k& RN Y
dr i i i i) RN & ok ok o i i o o o Qb kb b 4 & Jr ok ek Jr ok J b ok Jookh bk bbb b b o b bk ik kb bk b & b h b h Mk Mk bk
o dr d d rrrrrrrrorr ol e 2 h h h h h k k k ko ok k& & &k k ko Ak &k Ak k ok ok ok kA k k& P e
drdr dfs = = = = = o= om om omom o m &k & & &k & & & & & # P : b b b b &k h b b b b b b b h h hoh b b b b h ik hhhhhh b RN
i rarErarasracra dr o dp oF iy & e & i o ir Ak h h bk h &k k kb bk &k k ko bk k k Ak kk kN kK RN N
dr dfJs =" = = =2 o= omoEmomoEoEmom o ok kBl kb & b &k de oSk b b d ko koS ok Sk ok d ok bk bk ok ok F ke h bk bk Mk d kS
) rrrrrrrrrrcrr & & & & & & & & & Lk h kb bk k kh h ok bk kb bk Ak h kb sk Ak Ak hh kbAoA E k& Ak h h kA kK Y
e = 2 5 f n o nEEonom ok ok o i o & o F Sl & b b & & & & & & & & & & & & & & b b & & & & & b ok b b b & & & & & N
I RN r 2 r e rarasraroa dr dF dp o i o i i dr 2 2k h h h E k k h ko k& &k k k ko Ak &k Ak k ok ko ok Ak kK RN e
2k b b b b b h b kb h b s B s om o2 o=mmmoEoEom & & & & & & & & kb b b b b b b h b b bbb b b bk b hbhddhihlhihidhihidd b b b b b h bk b bk bk N
T N rrrrrrrrrrcrr & & & o o & & & & Ak h h h k& k k kb k& b &k k ok ok k& Ak Ak Ak k kA E N NN N
2 & h &k h &k k h h h MEs »oEmoEEEEEEEEE & ok ok o o & o ok Bl h h k& & &k k k h ok &k k k ok k ko Ak &k Ak k k ok ko Ak Ak k ko RN
Y Lk 2k ko r 2 rErararmroa & dr & dp & i o dr Lk Ak h Ak RN N N N RN Y
ok b b bk b b oo b M "o o2 onomoEoEoEoEoEm & & & & & & ok bk b h M b ok bk N Y b & b h b h Mk Mk bk
e - X rrrrrrrrrrcrr 2k h h h k& k k ko Ak k Ak k Ak koA k kK 2 a a . P e
Y B = 2 2 2 s xnomomomom & ok ok &k & & J a2 L Y Y Y A h h R kR Ak Y Y Y X A h h R kR Ak Y X
RN rarErarasracra i o i o i RN RN RN RN RN & I
& & ok o Pk s Sk J ko b h b b S & o kS h Sk bk ok dh bk bk ok bk X 2 kb h kM k kM
& & & Ak I Ak A h h R kR Ak Ak X Ak I I i e Y
&k X I Y NN I I I NN
& i Y x a2 RN 2 a a Y a2 N x
W & & F e I Y ] I A S S )
I PN I I P
I 2k ko I X 2k ko
x Y x 2 a a .
I Ak ko I A 4k
I Y I Y
x 2 a a . x N
I PN P
I 2k ko 2k ko
Y 2 a a .
Ak ko A 4k
Y Y
2 a a . N
PN P
2k ko 2k ko
Y 2 a a .
Ak ko A 4k
Y Y
2 a a . N
P
2k ko
2 a a .
A 4k
Y
N
P
2k ko
2 a a .
A 4k
N
Y
N
Y
Y
I
X

r

r

r

r
r

r
L]

r

r
FFrrrr
L

b & b b &
o h b ok o brh s s s rh bl s Fh ok s s s rh rd s s Fh ok s s o Fh N
& & & & & & & & & & & & & & & & b & & b & kb s ks s kS s ks s kS Ak kS kS

E I T T D RO RO R RO R R RO R RO T DO RO R RO R R ROF N RN R NN ROF RO DN DO BN ROF RN DO T DN RO TN DN R B RN R
o b b b bk bk S h A N F . I o b b b bk bk S h A N

r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
F
r
F r
b:bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb
F
rF
rF r
L.

r
r
FFrrFr

b & & b b koA b & & & &k h kA L]
FIF T T DO T RO R DO RO I IO T DA RO RN R ROF R RO RO RN ROF R R RN DEF DO AN DOF T RN RN TN NN RN RN RN ROF RN ROF B RN DO AN R BN RN T
& & & & & & & &k &
r b Wk kN .r.r.'.r.r .T.r .r.T
4 & & & & & & & & & & & & & & & kN & S N ks ks s ks s A S s A s E N s s N E S kA A .r.r.r.r.r.r.r.r.r
= = N R R N R DN I N T B R R R RO N RO R N N N R D B O R R RO N R ] .T.r.r.r.T.r.r.r.T
rrr
= = = 4 & & & & & & & & & & & b & &k b & & b s ks s ks s kS s kS s kb Sk kS Sk kS A ks A .r.r.r.r.r.r.r
r s
= = = b h s bk s s h s ks h N ks h N ks h o h s h o h kA h N h S E N
rrr h b &
= = F IO T T RO T DOF T DO R NE DO BN DA RO AN RO ROF RN RN T RN DOF TN DOF DO DEF RO NN DO T RO RN NN RN RN RN RN RF NN BOF BN ROF B R ) .r.r.r.r.r.r.r
roasr
= = = b h b bk s s b h o ks h o rh ks h o rh s h N h s b h o rh s h rh S E N

Ll
Ll

r
r

u .. Mt
» » . M
» Ak m
» ror »
» » » - . T T e S A S o S O A S N S L e S T Tl Ay ¥
» . YN A A R R N
3 OO . .. o dr k dr ik ek b M dr b dr d dr ok bk Ak dr i ok bk de M dr b dr ke ok bk dr k dr ok b kA M0
e
e AN » .
e A i Y »
AN » .
P »
N NN » .
P S S S S S S Tt S i 8
S NN » » .
P »
s NN » » .
a s »
YT RN .
A T S S S e e S S A Y
YT RN » .
' .. Py el »
1 e T AR » .
« . P A T A A S e S A A S A Y
Mt T TN .
R - PR A L e S S S e A S Y
M Y TR » .
Fipriaiare, Y T REREREN »
M T A AR NN » .
2T PO T S R A A A S S R 'Y
i i N NN » » .
NN - 2 Fariart
A A Ay M NN » M .
e a wa a s a . »
i S S Sy S NN » » .
S S » » YN R
M i i » » A RN M .
NN » » P S S Y Mg
o A A S Y » » AR R EE NN - .
NN » » YRR e
A A S Y » » AR EE RN
NN » » YRR .
i A A S Y » » A RN NN - .
NN » » YN ror
o A A S Y » » T AR RN
2 a e wa . » » P P i e e i .
i S A S iy » » e T AR NN - .
P » » Y NN RN ror
- i i » » N A R
[} NN » » P i i i S e e A A S A Y .
Fa ) o A A S Y S AR AR » - .
] 2 a e wa . Y T REREREN P ror
P ) i S A S iy T A RN 2k a
M ] P P i iy M
P W N i i Y AR RN ..
O ] NN Y RN e
P W N M T A RN » ..
M N ] NN PR i S A it e
P W) A A S Y Y AR RN » .
LM ] NN e NN »
P N N ) i Y T RN » .
L ] NN P i i i S e e A A S A Y
P ) o A A S Y s NN » » .
] 2 a e wa . e TR »
P ) i S A S iy e ] » » .
M ] P Py »
P W N i i s NN » .
L ] NN Y YRR »
P ) o A A S Y T RN .
] 2 a e wa . Y NN »
P i S S S Y Y T AR NN .
LM ] NN Y NN
NN ) i A A S Y » T RN .
o NN N A A e e e A R A A A A Y
P W N M » Y AR RN .
L ] [ PR RENRN Y T REREREN »
N W W N NN RN » T A AR NN .
] LY P RARARNRN Y YN EREEREEREN TR »
T F NN » » S A AR NEN .
P M M N NN TN M T »
P WY TR » » T RN .
LM NN TN Y NN »
P WY RN » » e T AR .
T NN IR O S e e R S S S e R T A A S A e A S S Y
TN A RN i e - I I I I .
TN IR Y AR RN TR »
W AR RN YRR AR RN » .
[ RN R T S e e e R S e e A T A N I T I |
RN YRR AR » . .. " m momomm o mowowomomomm o .
o a w e wa IR TR NI R N R R e
. - . - . . - . . -
" REERERER a2 m T AR N] AT » ror g gL G R R Fh M T B R R e n )
AR RERERERERN] YRR ERA RN » - . " m momomoE o E o E Em EEEEEEE=E®E=®EEEEEEEEEoEowoE
e i R e T e e Y . .
O e S S A Y Y YRR AN ke
O A R A A Y O S e e R S S S e R T A A S A e A S S Y ror
N - RN YRR AR » ..
[ e S ™ i A S R R S e e e S S S e o e S S e e S S T Y .
o e e e A i A A Ay} Y Y EERERERERE AR RN Ak mw
N AR Y ror
o e e e S S T S S S} YA R AN » - .
NN AR M R i i T T i i 't .
o e e R < e e R R e S S Y YRR AN e
Y YRR T S e S S S Y ror
NN - RN YRR ERA RN » ..
o ol S " e it s T T R e e e e T e e T A S S Y .
ol R A A A iy ¥ Y YA RN AR - .
N AR » Y ERERENR TR NN] » P
T NN RN I e e e - I R I I ..
S R A A Sy » O S S S S S R e e S A A S S S T R i ¥ .
o A A S Y » » s NN » » - .
2 a e wa . » e TR » ror
i S A S iy » » e ] » » - .
P » M iy i »
i i » » s NN » .
NN » My T i i i it »
o A A S Y » » M ] P .
NN » O i Y »
A A S Y » » s e .
NN » Y EYRERER TN P
Fiariart Mt .
P
5 & b b & b b b b b b h b b b b b b b b b b b b & » e .
» i P
» .
» »
A gy .
2w e e e »
T N T e T N .._.__.* .
» .
T S e e S N L S S S S e S A A a1
YRR NN .
Y YN ERE R A R R A NN
NN N AR A R NN .
S S T T S e e e e e e e R A e e e A L A A N NN RN NN
R RERERE R R R R R N e e .
YRR A R R NN
M e e e e N N N NN .
T S R s S S e e T A S S S T A e A N I T I ror
AR R R R R N
T T A T i T Y .
T S e S A A T S A S A T St e S Sy Y - .
T T R e S e R T O T S S e O A S T T Y ror
AR R R R R R
Y YRR A A A A A NN .
T S e S e R S A O T S e e S S Y - .
P I A e e e e N N T N NN e
" HRERERERE R R R R N N ar
YRR A R R NN .
M e e e e N N N NN - . ur iy
Y YN ERE R A R R A NN ror X d ok ar
AR R R R R R S i i iy
S S T T S e e e e e e e R A e e e A L A A N NN RN NN . r dp i dp e dp e i
T T S S O A O T Tt e Y - . ar ap dp i e i e iy ip iy i
R R T A i T 'Y e P dr dr g dr dp ko d bk d kg
AR R R R NN M .. r ip i e e iy i
sl e w e a aa s s . e e e e
- .
I i i it M .._.ﬁqq P
NN AR A A A N - . ar il il e iy iy iy il
T T R e S e R T O T S S e O A S T T Y . ar dr e dr e i e e r g
M e e e e N T NN - . ar ip ip e T iy iy iy i
Y YN ERE R A R R A NN o e e e St
AR R A R R N . up iy i i i e iy iy iy g e e
T T S e e e S e A L S S L Y ar dr e p ip p g
TR EE R R ] . dr Lip ip dp i e e e iy ir i ar
[ i S e i e S i i Y dr dr g dr dp b d bk dr kg
. s S S T S S e e e e A A A S e e e A A I I I T T O] . ar v Ty iy iyl
AR ENS RN e e aa a w
.
RN " .__._ﬂ Pl s
! e aa . [ L I g
e o A
. P L L I
.r.ﬁ oA b b & ok ik ok i kX
/ . o
P L L s
. P L L L L
ik kk P
; . ar Vo Yo i Vg Yo g Yy g T
e L
. o L
Ay Ay
! . P N L
x P
. ur ar i
/ . i de

Frr

T N gy

r




U.S. Patent Jan. 12,2021 Sheet 5 of 20 US 10,893,193 B2




S. Patent

F

)

E)
xx

F

I
a»

»

)

»
»

¥
i

)

¥
)
i

i

)

F

X

X X

X

¥
¥
X

)

)
¥
)

PN N

Fy
I3

»

a»
a»
a»
a»

a»
»
a»

e ]

)

)
¥

»
»
»
»
»
»
»
»
»
»
»
Iy

™
N
S

¥

)

¥

s

N )

)

X

»
a»
a»
a»
a»
a»
a»
»
a»
a»
a»

X

X
Xy
i

i
i
¥

X

»

a»
a»
a»
a»
»

a»
a»

U )

F3

>

)

X
Ea )
Fy

X

™
Foa

¥

¥

)

N R g F

¥
X
¥

X
F
X
¥

DN N N )

EX )

O e )

¥
i
Fy
IS
F3
X
¥

)
¥
)
F
X
F
X
¥

I
i
i
¥
i
i
¥
i

¥
¥
¥
X

)

)

i
i
¥
i
i

X

AN
ENE N

P
#:q-*-u-ﬂ*
P

= m === m
A A LA A ARS8 R
]

i

™
P

e e e r e e

»

i
Foy

o
o e iy

x

F e rbrbrbrbrrrbrrbrbriririr
Frrrbr r rir
Frrrrrrir
L I O N O

L)
L]
L]

L
EY
L
o
L
Lt}

5
L
»

L
]
]
L

LN

LN

L

::-Il-ll-ll-ll
-h-h‘l-h'-h-h-h-h-h
LN NN N NN

[ ]
L]

* * ¥ ¥

E 3 e )
L)

4‘a-:a- -I:-I-:-I-:-I:-I )
N R N

L

LN

L)
L
L]
L)
L
L]
L)
L
L)
L)
L
L]
L)
L
L)
L)
L
L)
L)

TN )

Xy

)
X
X
)
X
X
X

¥
™
i
O NN NN N NN
™
i

L)

L]
L)
[ ]

LK
L ]
L ]
LK

"-b-h-b-b

i
L

LK

L]

L ]
LK

Frrr brbr r ir r r ir r r ir
bbbbbbbbbbbbbb

N N )
X

L NN NN

¥
)
F
X
F
X
¥
X

PN NN

T T Ty

X

PN

F3
F3
F3
¥

PN

X

e e e e e ey

¥
¥
¥
X
¥
¥
¥

P )
EN )

i

ey

[ ]
[ ]
L]
L]
[ ]
L]
[ ]
L]
[ ]
L]
[ ]

L)
L)
o

L
]
]
L

L
L
L ]
L

L
]
]
L

L
L
L ]
L

L
]
]
L

LK
L ]
L ]
LK

L]
L]
L]

-
-
i

L]
L]
L]

-h-h:-h:-h-h-h-h-h
L)
LN
-
L
L)
LN
L)
LN
L)
L

-h-h‘l-h-h-h-h-h-h

-h-h‘l-h-h-h-h-h-h

L L B N N B N R

L NN N NN
L NN NN

L]
L]
L]

L N N B N N Y

-h-h.;h-h-h-h-h-h

]

-
L
-

-Il*-ll‘-ll

3

L
L BE BE N B N B RE RENE NC O NE NE RC N RN N RCONCORCONC N
L]

L]
L]

L L N N B N NE RO BN

Frrrbr r rir
FFrrrrirrir
r r

Frrrbrbrrbrir
Frrrrrrrir

LN

N
-I*-I‘-I‘-I*-i

L)

&

LN

L

L)

]

= " m omm
m L AiAAfAALALAAAN

L

»

L
L -I*-I*-I“-I

L.
F r
Frrr
Frrrr

an. 12, 2021

Sheet 6 of 20

X XN
Hﬁﬂxﬂxﬂxﬂ?ﬂ
M A
F
X A
|

b i, ]
i

i ]
Mo M N M

AN M N XK N

X
RREHRRHHI
:Iu:!!i!!!ll
XN

b ]

b ]

b, |

o

W
¥

X
?dx?d?l X
X
k]

-
NN
- ]
-
k|
o
X
-
E
-
M M
N X
I
|
H
-]

S 10,893,193 B2

L NN
]

ol o A
L]

L

]

L N NN
]

L N NN
L N NN

i

3t
L
NN

L]
L]
L]

ol e b
L]

L NN NN NN )

-h'-h'-h-h-h-h-h-h-h-b

N NN N )
L NN NN NN )
N NN N )
N NN N )
-Il‘l-ll'-ll-ll-ll-ll-ll-ll-ll-ll

i*tiitiitiit

i*tiitiitiit

i*tiitiitiit

LN NN N N N N NN
LN NN N N N N NN
il'.ilililililililililil
LR NN N N N N N )

]
]
]

L
Frrrrbrrir
L L L
F bbb

Fr r r r ir rir
Frrrrrrr L r Frrrrrr Frrrrrr L L r r
F ke rbrrbrbrr bbb rrbrrrbrrrbrrrbr bbbk krirFbrbrFbrirFEbrFrFPFEPFP
Frrr rbr rbirbririr L. Frrrrr F rrrrbrbrbrbrbrrir F L. Frrrrr F
L bbb r bbb F rrbrrbrbrrbrbrrbrbrrbrrririr bbb r bbb r bbb F rrbrrbrbrrbrbrrbrbrrbrrririr

Fr r r r ir rir
Frrrrrr

F e ek rbrrbrbrrrrrbrbrrrbrbrrbrrrbrrrbrrrbrrrlrrbrrrrrrrlrrrlrrrir FFrrrr
FrrrrrrbrrrbrbrrbrbrrfbrbrfbrbrfbrbrfbrbrfbrbrfbrbrfbrbrfbrbffbrbffbrbrfbrbfifbrbfiffrifiFrir
F e rrrbrbrrbrbrrbrbrrbrbrrbrririr L Frrrrrrbrbrrbrbrrbrbrrlbrbrrlbrrrlbrriririr
FFrrrlrrrbrrrbrrrrrbrrrrrbrrbrrrlrrrlrrrlbrrrlrrbrrrrrrrlrrrlrrlrlrrrlrrrr
L L. L L. L L. L L. L L. Frrrrriririr

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

Frrrrrrbrrrbrbrrbrbrrfbrbrrbrbrrbrbrrlbrrrlbrrrbrrrlrrrlrrrlrrrlrrrlrrrlirriririr
r r r r r r r r r r r r r r L

F ke lrrrbrrbrbrrrrrbrrrrrrrlbrrrlrrrrrrrrbrlrrrrbrrlrlrrlrrrrrrlrrirr

Frr r rbr r rbr rbrbrfrbirbrbfbirbrFiririr F rrbrr rbr r rbr rbrbr frbirbr rbirbrfrirbr rirbririr

Frrrr

Fr F F FFF rF rF F e rrr F F FFF rF rF rF

Frrrr rrbrrrbrbrfbrbrfbrbrfbrbrfbrrfbrbrfbrbrfbrbrfbrbrfbrbrfbr kP brbfiffrifiFir
(B kr i i F Fr i b rbrrbrbr b brbrbrbrbrrbrlrrlrlrlrrlrrlrlrrlrlrrrrrrrrir
w [ I T O T R
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

L.

L. r

r

r

r

L.
F ke rrrbrbrrbrbrrbrbrrbrbrrbrrrbrrrlrrrlrrrlrrrlrrrlrrrlrrrlrrrlirriririr

L.

L.

Frrrrbr irir

r
rF

L
F e rrr

Frrrrrr
Frrrrbr irir

Frrrrbr irir
r r

L.

L.

L. L.

L.

L.

L.

F b rrrrrbrbrrbrbrfbrbrrbrbrrlbrbrrbrrrlrrrlrrrlrrrlrrrlirririr irir
L. r L. r L. L. L. Frrrrbr irir r L. L. r

F b rrrrrbrbrrbrbrrfbrbrrbrbrrlbrbrrlbrrrlrrrrrrlrrrlrririririr
r r r r r r r r

r
F

L. L. L. L. L. L. L. Frrrrbrrir L. L. L.
F rrrrrrbrbrrbrbrrbrbrrbrbrrbrbrrbrbrrlbrbrrlbrrrlbrrrlrrrirrir

r L. L. r L. L. L. L. r
F rrrrrrbrbrrbrbrrbrbrrbrbrrbrbrrbrbrrlbrbrrlbrrrlbrrrlrrrirrir

r
F

r
F

L.
FFF

r
rF

r
rF

rF
r

r
rF

F e rrr
F

r
Frrrrbr irir

L
F e rrr

r
F

r
F

L.
FFF

rr

rFrrrrrry

L .
r
rF
r

rFrrrrr

L.

L
r

L.

F

r

T
T
T

T
T

L
r

r

T
T

rr

r

Frrrrr

r
r

T
T

Frrrriririr
Frrrirrir

rrr

rrr

T
T

T
T

T
T

r

T
T
Frr r r r r r r¢rr

T
T

F
L
L

T

T

r
r
r

r

F ek
F
L .

T
T

r

r
r

T
T
T

r

F

r

r
r
r

T

r

rr

F ek ki

T

Frrrrrir

rr

rr

r

L g

r

r
r
r

r
r

L]

r
r

T
rrr

L.
Fr

rr

L

r
r
r

r
r

r

F rr

T

rr

r

rr
T

r

rrr

T

rF

r

L]
r
r
L]
r
r
I

Tr

rrTrTrw

LY r r r r v r
LT T T Y *Y v °

L

T
T
T

T
rrrrrrrr

F
F rr
F

rr

Frrrrr

rrrrrrr
rFrrrrr

FFrrr
F rrrrrrbrrrbrbrrbrrrrrfkbrrfkbrrfkbrrfPbrbrfbrbrfPrbrfbrbffPbrbffbrbffbrbffbrbffPbrbffbrbffbfr b ifbfrbif ik ifrif ik ik

T

L o

L

i
F

LT T T YT T T T

T

L.
Fr
L
F
r
F
r
L

L
r

rr
rrr

rr

r
r
r
r

r

rrrrrrT
T

Frrrrr
r
rF r
L
F
r

r
r
r

rrrrrrT

T
rr
T

¥y ¥ ¥ ¥ Y ¥ Y Y Y Y Y Y Y Y Y Y YTYTYTrTTYTTYTTrTrTrrT

rFrrYrrrrrr
rrrrrrrr

rr

r

LA AL AL L AL L L L Lt

N K K N K N NN NN KK

Frrrr Frrrbr r rir bbbbbbbbbbbbbb bbbbbbbbbbbbbbbbbbb
F rbr r rr rrbr fr irirririrririrririrririrririrrrirririrfirirrrirrkrirrkirirklrrirfkbirirklirir
r r r
Frrrrrrir Frrrr e rrrir
L I O N O Frrrrrrrrr r
Frrrr Frrrbr r rir Frrrr

k]
e . ]
k]
e i ]
o
|

b i, ]
L e i

b ]
Eay-
RN ERT R EREREE]

o
k]

gy
X

k]

k]
oM N M A M N N

K N M N N

X,

2
X
' |
-

HEIIH:!IHIH
b ]
b ]
-

k|
L ]
oA N N N M NN

e i ]
e . ]

L I O N Frrrrrirrrir r

Frrrrrrir Frrrr e rrrir
F Frrrrrr F

Frrrr Frrrbr r rir Frrrr

L
Frrrr

L
Frrrrr

k|
k|

]
]
F
k]
F
k]
H
i
FJ
H
-]
F |

R N N K N K K N K N NN

A
- | ll::l | l:l
AR A
AN A A A
- | :l::l Ml H:l:
AL AN AN
L i i i i I
] x::l Ml I:?l:
ML A
L i
] x:x ] n:n:a g
x;;x AL A A
R
PP R
o
A
o
o

o
)

X,
X
]
]

L
]
b i, ]

]

]

e . ]

e i ]
NN N K N
-

|

ol

X
X,

A
¥
¥
x
i
X
x
x
Y
¥
2

L g ]

]
F
F

e R EEEE FE R E RN NN

Frrrr Frrrbrrrir Frrrr
r r

Frrrrrrir Frrrr e rrrir

L I O N O Frrrrrrrrr r

i‘x!!x!!l!llliilli

IH‘IIHIIHIIIIIIIII

.ixHHHHHHHHIIIHIIH

XN N N K N K K A K N NN N NN

Ly

1HH1HIHHHHHIIHIIIIIHII
b i, ]

e i ]
-
- |
I

e RN RS SFEREERERER]

X,

S

X,
o
b ]
MM MM M KON KN MK NN K KKK KK

k]
k]
|

1‘!!!!#!!!!!!!!!!!.]

L g ]

Al
Al
Frrrr Frrrbrrrir Frrrr M
L I O N Frrrrrirrrir r
Frrrrrrir Frrrr e rrrir

R RN E R R ERERE]

L
Ll
)
L
L
o

x,
<
L
o
L

L]
X
L E R EE S E S E SRR T RERR]
X
]
IEIIHII
X

rFFrrr Frrr Frrrrrr
Frrrrr Frrrr Frrrbrrrir

Frrr rbr rirr irir iririr ir'i’rkirk ir' i’k Ir iF r
Fr ek rbrbrbrbrbr e brbrlbrbrrrrrrbrrrirr
Frbr r r rbrbrr frbrirririrfkbirirfbirifkbrbiririFr iF
F rbr r r r r rr ririrririrrbirirfkbirirklbrbiriririr

r r

Fr ek rbrbrbrbrbr e brbrlbrbrrrrrrbrrrirr
F F Frrrbrrrir Frrrr L

k]
k]
F
-

A

Hx?!x?dx?d -
X
]
]

HI”IEHIIIIIIIIIIIII
]

1xﬂi!lﬂ

L
e i ]
e ]
e Y ]

)
)
X!
o
X,
-]
A
L

F rbr r rrbrrrfrbrirbrbrrfkbrirfkbirfifklbrbririfririr

r r r
Frrrr Frrrrrrir Fr ek rrlrrbrrrr
r r r L. Frrrrrrrr
Frrrbr r rir

r r rFFrrr L. FFF
F F rrrrbrbrrbrbrrbrbrrbrrrbrir
r Frrr rrrbriririr
Frrrr e rrrir

Frrrr

r
Frrrr
r

L i i

o

T
L
T
X,
X,
X,
L
-

L g ]

e i ]
GHHHHHHI:EHH

BN N M N N NN

X NN

T

X,
X
L i
-

L 2
L e e B

L
L
L g
L
L
T
L
L g
L
L
L g
"
v A
0
x
x

L g ]

r
r
F

rr
L}
X

r

F rrrrr
r r r
Frrrrrrir
r r r

T
T
L}
.
|
e
L]
)
]
e
W
!
i)
A o N N W M A M

L}
L}
L}
L}
L}
X

rrrrr

T
T
T

r
F rr
r

]
X
k]

h_]
™

i i e e

L

T
T
T
L3
L}
T
T
rr
T
T
L}
T
T
L}
o
o
.
.
!
i
X,

T
T
L]
T
T
T
r
T
L]
T
T
L]
r
T
L]
T
T
L]
X,
X,
N NN NN N NN KN NN

X

LR EEE R ES S E SRR ERNER]

rr
rrr

r
r
r

k]
k]

L}
L}
L}
L}
L}

o

r
r r r
Frrrrrrir
r r r

L]
T
T
r
L
X,
X,

T
T
T
T
T

r

Frrrr

F rr

r

Frrrr

r

T
T T
T T YT YT YT YT YT

BT

r

LT ¥ YT T Y YT r rvrr

r
r
r

r
Frrrrirrir
r

r r

T ¥ ¥ ¥ ¥ ¥*¥ *r * * T

r
r
r
r
r
r
r
r
r
r

T ¥ ¥ ¥ ¥ ¥*¥ *r * * T
LT ¥ YT T Y YT r rvrr

T T

AL

T

L

B T

T T T

Frrrr

r

T T ¥ T°T T

r
r
r
r
r

r
r

X,

. |




[ S VR YUV VR RN SR VR S SR U WY U SR WA VY Y P VR YR WU VR YRS SN WU VR SR R MR Y SR O VY YUY SN Y YR MUY O TR TR S L

US 10,893,193 B2

KA A KA
EE na"___"n"a"___"n__.a“___“nHaH___HnHaHnHnHxHﬂﬂﬁﬂ#ﬂﬂﬂﬁﬂ#ﬂﬂﬂﬁﬂ#ﬂﬂﬂﬁﬂ# ;
] R RO R R OR R R o R X e m om o a  w a oA A
r FEEEERZRXTREX XXX XXX XXX NENLXNK
" L i i
FEEEERERRERE®® X X % % 2 % % 2% & %% % &K
E " RRERERERRRRERRSZEXZ XX % %X 22NN X
EERE R ER X R R XXX A XA N AN NN
= T T
FRERRRZREXXEXX XX XXX XXX XAKX
i R OR R R R R R R R X R A R X W A A A M N A A
EEERRRRXRE X ® X %X % % 2 % % 2% % %KX
E RRERRERRRRERRRERE®RZ X X & %% % 2% 32 %0 x N X
- FEERERRER XX XXX XA NN AN KK A KA A AL AL A,
| R R R OR R R R R X R R W W a A x o a  waw g
EEERRRZRE TR XXX XX XX XN XNALXNK iy
i RO R R R R X X M A o WM N AW A
- EREERRERZTXXR XXX 2% 22NN N NN Cn
| RERRERRRRERRRX X X 5 3 % %52 x
EEREREREXRXREX XXX N N NN N
| R R R R R R R OR X E M x oawa wow w A
- EEERERARXE XXX XXX XENXX NN
n R RO R R R N R R R X A A W M N AW
EEEERERXR IR X 22X 2R 22NN NN
| ERRERERRERRNERRRSZEX XX XX % %X KN
- EEREREERRRXXXXX XXX NN KRN KN KA K
| R OR R R R R e m ow o aox aa a aaw
- EERRERXR XXXEX XX XN X HNMAEX N
n R R R R R X R A X A A N a o W M N AW WA
- EEERR®® X % 2 2 x 2w ww o NN X
| R R R R R X R XX A A AN NN A A K
- E R R R R TR X TR X X X N N M N AN N X ALK,
R R R R R R e w o am x o a w aalwy iy
- FEEERRZXX XXX XXX XN XXX AXAXNKA A K
| L i i i
- EERERERERREXR X ® X % % % 8 % & 3 0 x nwx axw x
| L N i
- EEERERRX XX XXX TR XN NN NN N A KKK ALK
| I A
- FEERERRZRE X XXX XXX XXX HNXXAXNKA XK
n I i e
- EERERERRREX R ® 2 % % % % 2 & 3 x & a0 wa aaw waaw
- " n___nnlan___anna..___nn__.annnnn“n“nHnHnHnHxHxHxnxnxnnwxnn”n”x”nrnu#rn
ICn R R R X nHnHnnnnxﬂxnxnxwx”x“x”n”x”xr i
L= G
" | nan__.a..nan__.a..___anna..nHnHaHan”aHan”anHn”H”nﬂnr
oy la"___"n"a"___"n“a“___HnHaHnHnHnHnﬂnnxnxﬂx”x”x”x”x”x”n”x” ;
= T )
EEEEREERZIRER XXX XAE XXX NN XK NKNKX
i L i i
FEEER TR TR XX XXX 22X 22NN NN NN
E RRERERERRRRERRRX X X X 3 % 2% 2 %% %2 nx KN
EEERXR XX XXX XN NN KKK AKX
= R R R R R R R ox e a w ow oa o ;
EEERIRARX XXX XXX XXX XXX XXX i
" I i
r EERRERERREZXE R ® X X% XX 2NN N NN NN
" R R R R R R TR X R A N N A WA KA M
r EEEREERZTREXRRX XXX XN KN K A KA KK
"R x R R R R RO R R R R R x w wow a oA a aw a aw
EER FEEERERRREX X XXX XXX XA XXX 20N NAAXNRK
"rx L i
EEEERETE EEEEERREREXR XTR X XXX X% 2 22 20w w NN KX
RRERERERER ERRERERRRRRERRRERRRX X X % X 3% %% X% 2 %5 2 xw x xx ww
FRERERETRE EE R E R ERER XXX T XX R X AN NN N NN N KKK KA A
RRERERERR R R R R R R R R R R R R R oo W oA Al w
EEEEEEER EFEEEEFEEEEERER IREAXXRXAXEEARLXE XXX XA XA XXX AKX
®RE R RN L I i i
ERERERERER EEEEEERERERRREX X X XX X XX 2 2222 % X &5 & a0 x xxw
ERERERERRERRERERRETR X ER RRERERERRERRERERRERERRERRES®RXEX XX 2 M 3 2200w K
S A I EREREEREEEERERTRE FEEEEEEREEEREEERERRRZXRERX XXX XRXEX XX XEEN XN KN NN N NN
AAAAAAAAA A K ERERERERERERREERRRER RRERERERERERRERERRERERRERER®ER®RRE®R®®R X2 2 38 & %8 %3 & & o x o awa wa o w
EERRE XXX . IR A EREREREREEEFEEEFEEEEEEEERNEEERNERRRARAE AR XXX AL X XX XXX A XKL KANAXKX
R R R R X R N i i e i
ERAREX R XX XX IR XRER XERRRREEEEEFEFEEEEEEEERERER XE X R X R R XX X X R N X R R R R N NN A NN XA A NN A AN
R R xR NN ERERERERERERREERREERRERREERRREEEREERRERE R R RN KRR R E R R X R X XX N 2 X X A M % A 20w a xa s
R XXX XX R XXX XRERRERERERERERERERXEERERERRERRERRERRXREXRTXXX XXX XXX XXX XN NN XK NN N KA A K
R R X A A o N . X R ERERRERRERERREERRRERRRRRE®RRRERE®RRER®RRE®R R R R E B2 % 2 /2 22 2w x x aa x o aalawwly sl
IR AXXEXREX R XX AR IR AR XR AR TEREERRERERRARNARAR IR XA XXX XXX XX AL XA XX XN K NAAA XK AKX
R R X A E a a A . e P P R R R P T R R RE R R R ORT R R RO R R OMOPE R RORE T R R R T R X W T R X R A M A A oM x A A x o a wa a A W Al
R xR RN ZXEXXERX X IR IRREEREERRERERRRERERERR X ER X XX X XXX 22X 2 2 2 22N 0N WA NN NN X
AR X A A a NN . AR AR X R R R ER R ER R EERRRRERERRERERRRERRRXEXR X XXX XX X 25 %KX NN NH K x iy
X R R X A A NN - XXX X XXX R R XN R AR E R R XA R R R AKX AN N NN RN MK A AN KA KA
R R R R OR R R RN N AN T T L
FEERERAXXXXXERX XXX X XTXEXXIERE XXX AXAA XA XIA A XX AXA X AR XA AL XXX XA XX XA XN N NK NN AKX A KKK K
R R R R R X R N A M M N i e i A
EEEREXRZX X XXX XN XX XXX X ER XXX X XXX AR IR AREER S XX R X X R X E R R R R A o x o aw woa A A A A N X
L A A
EERXR XXX NN K X XXX E AR XX XXX XXX XXX XA XXX A XX A A N A RN N K A A KA AN KA KA
R R R R R R R MmN AW X R R A R R R R R R R A R R R X O R OM e R o ow w w m w o a x o a a wa e a e e a a a  a
EEERXRXXXRXXEX XXX NN XXX EEREEERE AR XA AL XA AR AR AR AT AT NN N MK NN A KN KKK K X
R R R R R R R R A A N A A X AN A A I e N i 2
EERRER XX R 2 E RN NN N S N N N N N N I
EERREERRXX XXX XN NN NN o N N N N N A A A e
R R R R R XX R AKX N N AN N N N N A A A
R R R R O R w ow o a aa a aw N N N i N
EERERERXXXXX XXX XXX N XXX XA A A AR A A X A XA A A A A X AR X A AN A M A N A RN K KKK A KKK K
i A i N A e A i
EERERERZ XX X2 XX NN NN NN X R e w a m w  w w  r w  w wmw w aw w w a w aa m o w A a a A w w a alw
R R R RN TR A X A N A NN W o NN N i
E R R R R R XX R AN KKK KA KK N N U N R A i i
N e e a e aa aa  a e a a  ad aa ae aa  a a
EARXXXREXEERX KA KN KK N N N N N A i
i i e N A A N N iy i i
R E R R R RN N AN N A AN U I N X
R XX A A A N A A K ! o A N A e i
R X R A R X RN KA AN KA ALK A A A A N A A A A ;
R R R xR o a A A X o e e N
N A o A A N o A
R i o L A N i ; g iy iy
AR o W N A A N N A AN A A A A N
R OR R A R A A A A AW A A A A o A e e e e e e a a a A iy
E R R R R XXX R XN NN N KA KK X A A A A A A A A A ;
N > A e e e e ;
ERRERERX XXX XXX E MK NN AN A A A A ;
R R R R R N A A A M A A M A A AN AN A A A A A A e
__.a"___“n“aHnHnHnHnHxHxHxHx”x”x”x”x”n”x”x”rx - ”n”v_”xr Aot ”x”nr.n”xr.xrnr.xr.nrxr.xr.xrnr.x”n”x”x”nmn”s””n
R R R w w a a mw a a a a a N i
XA X XA A XN N N A A KA A iy A AR KK,
R g gy g P 0 B B A BB 0B AP, W

A
»
]

KX HHHHH L .u.“u..

FY
b

F
EY

X
R R o
N

.
X
2l e

: 'HH'H

L
LA
]

]

K
™

-]
oo
F
)

e

FY

gl
iy

Sheet 7 of 20

,
.
A

A
M
A
Al
H"
F
Al
?!x?d
EY
>

] o
E R R XXX XXX XN N NMNNNMNA NN N
. ll"l"l"ﬂ"ﬂ"ﬂ“ﬂ"ﬂ“ﬂ N HHH oA .Hv A%
K I"I I"I“I“I“I“H“Iﬂ AN
R REREXR XN X o

x X R XXX

R OE R R X R N AN N W
XX ___"n x nnnnannﬂnnxnxnxx. P o Py
I e e e e e AR W L
™ J
x

A

|

Al
A

Al

Al

H?!?ﬂ

?‘HH

HHH
Y

‘2
-

]
]
]
]
]
]
~

]
i
o)
o)

A
Al
Al
H
F
Y
FY
FY
Y

M
~

A
A

NN NN
A

L i |

L |

-

o

P

;;:-'x

LR

-

A

-

A
]

|

|
.
-
F
.
EY

A
A A
A A
Al

Ml
Al
M
E
N
=
E
=
=
E
o

FY

|
A
A
Al
|
A
)
)
]
)

A

I-I
A A A A
A
A
A

Al o M N N M N MM
A
Al
Al
-

)
]

naxuxnxux”xxur. R e Ko
o
o
H H.qunnnnr.”n A A
g A i
o .x”x”x”n”u”r
P P e b
. ;

~
F
-]

.
>,

IHHI
IIIIIIIIHH
L
|

.
L

pLa A
Cn b

E |
-
‘™
‘2

mm
M
T
)
Eo
b

Al
.
)

A
Al
Al

»

|
A
A
|
Ml
Ml
H
FY
>,
W

EY
EY
™
W

A
P,
Fd
)

Al

A

A

A

I:H
HHHHHHHHH"H

Al

N

Al

Ml

H:H

HHEHHHHHHHH

HKHHHHHH

E F

.

)

e

H'I'

A
Ml
Ml
Ml
X
E
)

nnaxxnxx. "
PP A AN
I

T g P P P P L T R
P A R

.
A
P,
)
£
e

A
A_M
HHHHHHH'H:III
Al
A A
|
Al
= |
N
=
=
N
o
E
i

‘2

.
FY
F
W

‘2
™~
H:"!

]

a

A_A
o
-
-

.u”u””r!v.”v“r
A A

HHHHHHHHH!HHIHI
A
Al
EAE A N R NN
M
-
b
]

R
L
x

L
]
AHHI

Ml
Ml
Ml
X
E
-
>
E
-

A
A
2
e
2
2

EY)

|
|
F

H
FY
Y
FY

Ll
.”._ﬁa x
b

ﬂ“
L i
e e e e

A
AL A
XX
]
i
2
i

)
X
!
x
o

EY)
e

LN
Ml_ A
E N
HHH
A
x
o,
-
E
o,
F
L,
]
P
FY)
ool

F

x
x

‘2
.

X
A

-]

M

F‘H
-]

|
.
‘2

o

Jan. 12, 2021

-oifh caccscaccncocnncnnas

U.S. Patent



U.S. Patent Jan. 12,2021 Sheet 8 of 20 US 10,893,193 B2

PIXEL VALUE

POSITION (x)

PIXEL VALUE

POSITION (x)

PIXEL VALUE

POSITION (x)



U.S. Patent Jan. 12,2021 Sheet 9 of 20 US 10,893,193 B2

AR EEEEE SRS SRS E S SRR SRR R R R SRR RN
o M MM NN NN R R R AN ANl RN R I N AN NN NN
PR N R L K LN A R ANA | AN A
EE e i i i i i &
o A e A NN M
I R i i iy iy F
e W A A
S e i i i -
e e el il a M A
WM o o W NN AR A &
i I
A a e o A A A A A F
i i
i i i -
ol
A A e o A A N &
Aa M A M M N W A A AN
o o e W A »
A A e W W A N
e i i i -
e el A
Mo A o A A A A A &
A A A e A AN
A A i i i F
A e W W W N
AR A A A A A AN A -
e e e W W A
L i B i i i i &
A A A M A N W A A N A |
e B i i i i i iy A ]
A A e e A N M |
Ao A N XXM AN NN A af]
W L
N N M N e A A A A A ]
A A M M A |
A e L A A F
A e e MM |
XA A A M A A AN A A A A af]
e o el L
o E ]
":”:”:":”:”:":x:”:":":":":-:" P iy et
et al W W M W W_N LA
XA A A A M M M M AL A MM m_A-A A A at]
H:l!HI!”xHﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ"ﬂ"ﬂ"ﬂ“ﬂ"ﬂ l-] ]"-] | | A A A A ]-l-" E ] bbb F e rrrrrrrrrrlrrlrlrrlrlrrrrir bbbbb
R P A e g Al e e e e
. e i e i e AN A AN ki
b -
Falta T e LA L L ko kb k]
xil"xF'"?lHF'"?d"F'H?ll?l"?l;‘?llH:I?l'?l-?l"?l'I"I:Il;‘IlI:Il'l-llﬂlﬂlﬂlﬂlﬂlllﬂlﬂlﬂlﬂ - [ I I I I I U bbb 4] bbbbbbbbbbbbbbbbbb L
X M M N M N N A AN A AN AN A A A A A x XA A L] LA LU NN
S i i i e e i L
_x;!x”x;!x;!xH";!Hx"xxx-x"H-ﬂHHlH-ﬂH-lH-lH-lH-ﬂHﬂ'ﬂ'ﬂ"ﬂ"ﬂ'ﬂ'ﬂ"ﬂ'ﬂ'ﬂ'ﬂ"ﬂ . e rrrrbrrrrrrlrrrirrir bbb ek rrrr
'i'xF'xF'HF'xH"F'HH"HxHHHxH"F"HlH'H'HlI'HlHlH'Hlﬂlﬂnﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlx E ] Frrrrrr bbb bbbbb FrFrrr bbb [ ] bbb F bbbbbbbbbbbbbbbbbbbbbbbbbb
S i i i e e i i i i i i e i i i i i e LA L] L] L]
e e e o Al ke e ek
N I i i I I e i i i I e i i LA
e e e e e e o o o il i Pk ok k kR ki
T T T T e e R e
e i i e i i i i e e i i r "
A A e e o e el W L
e R e i
e e e e el e il e ke k kb ki
i i R e i i e R Pk ke
R A el et ar A A aa adadal aloar ar A el el ar A LA
e NI R i e e ko ko k ko
i i i i i LA
- :_!?!!?dMi'd!i'd!?d”?d!l!?d!?d!!!?dMH!H!H!H!H!H!H!H!HMH!H!. > [ T N U N U VU N U U T F ek e e e r e
1 L R FEEFEEFEEEEEFEESFEFEEEFEEFEDRERED - F ke e rrrrirr F ke rrrrirr
E e A A A A el A A e el el Al L L LA N
. P g o S i a2l S " woE R
L N -
e i i i LA
e e e o a ]
o, T M M .
] L] M SR R

- - T TS TETYESTEFFFFYT RNy " F F FFFFFEFFFFFFFFFEFEFEFEFFFEFF  F




US 10,893,193 B2

Sheet 10 of 20

Jan. 12, 2021

U.S. Patent

cUc 102
; )

LINA NOLLYIILS3 NOILYQYH930 LINN NOLISINDOY

W

T
| ONIGTOH 101

]
L]

il

N |t o L] o e o
Wz@_m 19HINGG ONISSH00Hd = DNISSIO0H] (= z@mwmwbﬁ@u

___________________________________ NOLLOYHLBNS | | DNINOILISOd |
602 |

L ]
R G RS R SR R B B B B W B R, RN o amy ama

LINA
NOILISINOJY

LINA

NOLOTHHOD |

s bl ol ok e e

s ara e

(Y

]

_ ”_””. }
006 106

N
NOLLOYHLXT |

NOLLISINOAY
25Vl LSHIH

)

_a [ 3 ay a - rEEn g -ara

- o s omE maw omm wam R oRam, e m amy amy Emg ama mE mE omE maE mam waw R

ek e ek el ek Rk B ke maln el v L ey ey s vk ek el ek

. rEC. oTED CEED CEGA CEGd CEGA WO arR W
.

M
b )=

. Mgl EgE b ] ity ity Sy iy "mife L] miS ' nil



US 10,893,193 B2

Sheet 11 of 20

Jan. 12, 2021

U.S. Patent

*1'1

-

,

hyd

-

&

[
. . .___4“4”4“4”..”4“4“4”4“4“4”4” -
. LR R SR S AU M -
. . L S M
. B - 0 B0 M R AC BC B A 0 A0 M A0 M -
. i R R N S N B R R N
B B N R M N N A A N M -
R ....._ﬂ.___.._._..____..__...___.._...__._.._....___._._...._._
Pl L S A M NS S MU M -
o N R R )
. E N 0 0 30 A0 B0 M RC A0 BE B AC SC A M A -
. L R R S )
Pl L0 N0 M N R A M M -
R e R R R )
o A S A M N B U M -
. iy e el kg kR
ol L0 0 30 A0 B0 M RC A0 BC B SC A A A -
o R R R N )
ol 0 0 B0 AC 0 M R 0 B R M M A -
L R R R )
Pl L O S M NS S MU M -
L R R )
drir ek Rk
L R R R S )
L N M R R A M M -
e R R R )
ol B S A M NS B MU M -
o R R )
o 0 0 B0 A0 B0 M RC A0 B B C SC A A -
o R R R S N )
ol 0 0 B A 0 M R A B B M M A -
Ay e
ol O S A N R R U M -
..._..v..___..__...____._...____..__...___.._...__._.._....___
E U 0 0 30 A0 B0 M RC A0 BC B A SC A A A -
o R N R N )
S 0 0 M A0 0 M R 0 B B S M A -
R e R R R )
AL B S A M NS B RO M -
. o R )
. S0 0 0 30 A0 B0 M RC A0 B B AC SC A A A -
. L R R R S )
L R A M N R A M M -
R Ay e e kg kR
¥ MMM MMM MMM MR -

b b bk bk ok N
A b b b b bk bk b Ak ok
4 & & & & & & & & & & &Y
E N DA RO B B P DA BN R I I B )
b h b ok h s s o
4 & & & & & & & & s A s s A

& & & & b & kA bk ks s ks s AN
E B B B D R R DA RO DN DO DN DO R R DA R R |
b bk b h Wk b h s s h o S N
b b & & b & & s b kb s E s s kS kA S
b & & b bk bk b bk b s b h A s EE S LS
4 & & & & & & & & & & b & ks A SN
b h o bk s ks h N ks h S

b & & E E b
.T.r.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.T.r.f.r.T

b & & & b & & b & & b & ks s kS s ES
4 & & & & & & & & & & & & & ks s kS AN
b & & & & b &k & b &k sk oh s E S s E N
b & b s bk b h s S h o h s N h S

& & & & b & & b b kb s ks s A S
b & & b b & b b & b & h S A A kN
b & & & b & & b & & b & ks s A S
b b b b b b h s h S h N h S

E N DA DO RO B ROF DN REF R RN RN R RN
b bk b b ok ok ok h h Sk
& & & & & b & & bk kA Aok
b & & & & & b & b s h ks oS
b b & b b b b bk oAk
o b s bk s ks A
E I DO A RO B ROF R BN R RN
A & & b & & b kb ok o&
b & & b & & bk kA
r b bk s h A
A & & b & & b k&
b & & & & & & & &
b b &k h h k&
bk b ok ok

= = = mom
E
&
&

&
E
&
&
E
E

r
r
L]

r
r
r
r

r

r
r

E

E
L]
&

r
r
L]
r

E
E

r
r
r

r
r
r
r
F rrrrbrbrrirrir
r

F rrrrbrbrrirrir

r

&

L]
&
L] L] E

b & & b b b b &k b & & &
& & &
b & & & & & b A s s AL
) &
i & & L L L
E I L]
b b & b b b bk k Aok
& & &
b & & & & & b A s s AL
) &
i & & L L L
E I
A & & b & k& E I I |

r
r

r
r
r
r
r
r
r
F
F F
L.
r
r
r

r
F
r
F
r

F F

L

r
r

r
r

F I I T RO R R R R R I )

r
r

4 & & & & & & & & b & b b b s s h s s h s s E S S

&
L]
L]
&
L]
&
&

r
L.
r
L.
r
L
L

L
F I I TP R R R B )

r
r

r
r

E I

F rr
F r

F

E I

E I

-

L LT L L
F I I I ) b b ok ok & b &
& & 4 & & & & & & & b &k bk h Aok
b & & o b & & & & & b b ks Ak h b &
) O I T R R NP R RO R RN RO R R R T )
i & & & L L L L L
4 & & & & & & & & & & & & & ks s kS AN
F I I TP R RN RO T RO R A DO AN DO T RN RO TR T RN T |
b & & & & & & & & & & & s A A s AN kN
4 & & & & & & & & b & s s A s s A S s S S
b b & b b bk b b & b s &S A b S EE S LS
i & & L L L L L L
4 & & & & & & & & & & & & & ks s kS AN
b & & b & b b & b b kb s E S s h N s NSk
4 & & & & & & & & & & & & & & b s kAo
b & & & & & b & & b & b s s s s h s s E A S
b b & b b bk b b & b s &S A b S EE S LS
i & & L L L L L L
4 & & & & & & & & & & & & & ks s kS AN
F I I TP R RN RO T RO R A DO AN DO T RN RO TR T RN T |
4 & & & & & & & & & & &S A A S E N A S A A
4 & & & & & b & & b & & s b s s h s s h SN
F I T R R B R T DO R B BT BN DA RO AN ROF RPN ROF RN R R T )
i & & L L L L L L L
b & & & & & & & & & & & b & ks s kb s kS s kAo
b & & b & b b & b b b b bbb s E S S h S s E S LS
& & & & & & & & & & & & & & A s E N A A N kS kS A
4 & & & & & & & & b & b b b s s s s s s s s E kSN
b b & b b bk b & & b b & s s b A s Sk s ks kL k
4 & & & & & & & & & & & b & s s s s s h s s E s SN
b & & & & & & & & & & & b & ks s kb s kS s kAo
b & & b & b b & b b b b bbb s E S S h S s E S LS
& & & & & & & & & & & & & & A s E N A A N kS kS A
4 & & & & & & & & b & b b b s s s s s s s s E kSN
b b & b b bk b & & b b & s s b A s Sk s ks kL k
i & & L L L L L L L &
b & & & & & & & & & & & b & ks s kb s kS s kAo
b & & b & b b & b b b b bbb s E S S h S s E S LS
& & & & & & & & & & & & & & A s E N A A N kS kS A
b & & & & & b A s s AL E N DA RO B B P DA BN R I I B )
b b & b b &k b & & b b RS LS LSS s ks kL k
i & & L L L L L L L &
4 & & & & & & & & & & B & &k b & b b s ks s kS
A & & b & b bk bk b bk LA s b &S h S s E S LS
4 & & & & & & & & & & BB & &k b & &k b b ks s koSS
b & & & & & b A s s AL E N DA RO B B P DA BN R I I B )
4 & & b b & b & & s s BER S E S s SN E S N E S kLS
i & & L L P E L L L &
4 & & & & & & & & & & BB & &k b & b b s ks s koSS
E I I T R R R R R R R ) F I I RO D R R R R R R R R )
w & & & & & & & & b M & & & s & s s A s A NSk
[ = 4 & & & & & & & A BB E & b & & s b s s E koSS
b b b b b b b & R 4 & b s b s b E b s kL k
o b & L L L L L L &
4 & & & & & b M s & & b & b s S s s h S
b b & b b & L gl E b b & s s b Sk E S AL
4 & & & & & ME & & & b & & & b ok oh A SN
b & & b & oA E N DA DO RO B ROF DN REF R RN RN R RN
b & & & & b M L b bk bk b ks kb s E LA
4 & & & & A AL & & & & & & s s A s A
([ & & & & & BB & & & & & & & & & & & & &
A & & b k& 4 & & & & b & & bk ks Aok
[Jy & & & & & R & & & & & & & & & & & & &

E I L] L] L] L]
A B RO R R R RN RO RN RO R R R
i & & & & &
E N DA DO RO B ROF DN REF R RN RN R RN
b & & & & &
L L L L L
E I

& .r.r.r &
E .r.'.r b b & & bk kA E Ak
b & & & & & & & & kAo

L]

E I

L]

&

E L]
&

&

F I T T R T )

F r

.r.r.r.r.r.r.r.r.r.r.r.r.r.r

r

.r.r.r.r.r.r.r.r.r.r.r.r.r.r
L &
E

E I

Frrrrr
Frrrrr

r

r
r

L
F I T T R T )

r
r

r

A & b &
&

r

E N DA RO B B P DA BN R I I B )

L

L]
&
&

L

r
r

L

r
r

rF
L.
L
r
r

F F
r
r
r

r
L
r
r
r
r
r
r
F F
L.
F
F
F F
L.
F

r
r

r
r

r
r

r
r

b b bk b b b b b & koA

L
L

L]
&
&

L

r
r

r
r

L
F I T T R T )

r
r

E I )

&
L]
L]

L

L]

Frrrrrbrbririr

4 & & b & & b & b b kb s &S s E S s S SE NS Nk

r
r

4 & & & & & & & & & & & s E s s S s s E s s E S s A

Frrrrr
Frrrrr

r
r

r
r

r

L

r
r

r
r

r
r

F I I T RO R R R R R I )

r
r

L] L]

& &

& &
.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r

& &

& &

E I

Frrrrr
Frrrrr
Frrrrr

r
r

r
r

L

r
r

F I T TP RO T RO T R N B I

4 & & & & & & & & b & b b b s s s s s s s s E kSN

L]
&
&

r
r

r
r

r
L
L

L

r
r

r
r

r
r

A & & b & & b kb ok o&

r
r

E I Y |

L
L

L]
&
&

L

r
r

r
r

L

r
r

r
r

b b & h bk b k&

4 & & & & & & & & b & b b b s s s s s s s s E kSN

r
r

4 & & & & & & & & & & & b & s s s s s h s s E s SN

r
r

b & & b & b b & b b b b bbb s E S S h S s E S LS
4 & & & & & & & & b & b b b s s s s s s s s E kSN

r

r
Frrrrr
Frrrrr

L]
L]
&
L]
&
&

r
r

r
r

r

L

r
r

r
r

r
r

F I I T RO R R R R R I )

r
r

E I

Frrrrr

L]
L]
&
L]
&
&

Frrrrr
Frrrrr

r
r

r
r

L

r
r

r
r

F I T TP RO T RO T R N B I

4 & & & & & & & & b & b b b s s s s s s s s E kSN

r
r

4 & & & & & & & & & & & b & s s s s s h s s E s SN
4 & & & & & b & b b kb s ks E S s E S s NS SN
4 & & & & & & & & b & b b b s s s s s s s s E kSN

rF
rF

L]
&
&
L]
L]
&

i
i

r
r

r
r

r

r
r

r
r

Fr r r r br r r'br r r rrbrbr frbrbrfrbrbr fr rbr frir ir fr ir b r irir rir ir r ir ir ir

E
E
&
E
&
&
E
&
&
E
E
&
E
&
&
E
&
&
E
&
&
E
&
&
E
E
&
E
&
&
E
&
&
E
E
&
E

Frrr rbr r rbr r r rbrbrbrbfbirbrbfrbirbrfkbirbrfkbir b fbirbrfbiriririr

E
& &
& &
E E
& &
& &
E E
E E
& &
E E
& &
& &
E E
& &
& &
E E
& &
& &
E E
& &
& &
E E
E E
& &
E E
& &
& &
E E
& &
& &
E E
E E
& &
E E

F e r ke brrbrbrbrbrrrrrbrrbrrrlrrrlrrrirr

r
r
r
r

& &
L]

L.

& & &
L] L] L]
b b bk b b b b b & koA

i & & & &
&

& & & &
E LI E
& L &
T I T R R R I ) &

& &

e

L] L] E E
& & & &
& & & &
L] L] E E
L] L] E E
& & & &
L] L] E E
& & & &
& & & &
L] L] E E
& & & &
& & & &
L] L] E E
L] L] E E
& & & &
L] L] E E
& & & &
& & & &
L] L] E E
& & & &
4 & & & & & & & & b & b b b s s h s s h s s E S S
& & & &
L] L] E E
& & & &
& & & &
L] L] E E
& & & &
& & & &
L] L] E E
L] L] E E
& & & &
L] L] E E
& & & &
& & & &
L] L] E E
& & & &
& & & &
L] L] E E
L] L] E E
& & & &
L] L] E E

& &
4 & & & & & & & & & & & b & b s s kS s ks Ao

&

i
i

L]
&
&
L]
L]
&

i

r
r

r
r

.r.r.r
F I I T RO R R R R R I )
L]

r
r

F e rr e brrbrbrbrbrrrrrbrrbrrrbrrrbrrrrrrrrirrrlrrrririr
r

Fr r r r br r r'br r r rrbrbr frbrbrfrbrbr fr rbr frir ir fr ir b r irir rir ir r ir ir ir
Fr r r r br r r'br r r rrbrbr frbrbrfrbrbr fr rbr frir ir fr ir b r irir rir ir r ir ir ir
Fr r r r br r r'br r r rrbrbr frbrbrfrbrbr fr rbr frir ir fr ir b r irir rir ir r ir ir ir

&
E
E
&
E
&
&
E
&
&
E
&
&
E
&
&
E
E
&
E
&
&
E
&
&
E
E
&
E

Frr r r br r rbr r r rbrbirbrfrbirbrfrbirbr frirbir irir irir

r
r
r

& & & b b & & & &
b b & & bk kA E Ak
F O I R A R R I R R )
L L L

r

& &
LI
&
L

L.

R I R T ]

R

L]
L]
&
L]
&
&
L]
&
&
L]
L]
&
L]
&
&
L]
&
&
L]
&
&

L]
&
&
L]
L]
&
L]
&
&
L]
&
&
L]
L]
&

L]
&

L

L.

A b k&

F

Frrrr

L.

i Nt S e e e e T e e e e A e e e e e T

&
L

&




U.S. Patent Jan. 12,2021 Sheet 12 of 20 US 10,893,193 B2




"
Ll
Ll
"
Ll
L
"
Ll
Ll
"
Ll
L]

r
]
)
.
L]
.

et e
]

-
)

]
.

-
L]

-
.

-
]

-
)

]
.

-
L]

-
.
]

- ... h-'--_-- -

LR K K K K

-h-il-h-h-il-h-h:-il-h-h i e i

L E XYL EEEE Y & F X X F )
e e o e o o

A A e

-q--q-:q--q-

L e

r
rr r r.r rr r.r

- - -
L]

r
rr r . r.r
-
[

e

.
e e s s A -
.
.

i sl i

4

e, S
ﬁ###+####

US 10,893,193 B2

w MR alm .
EE T N ¥
. w R i .
LR NN I ¥
w RN alm .
L NN N ]
w Lk kM h &k kA alm .
EE T N ¥
. w 'EEEEHNEREREN ' .
w |1.__|1.._|1.__|1.__|1.._.f.__|1.__|1.._|1.__|1.__|1 ..-.- .
L NN N ]
o Lk kM h &k kA alm .
L) EE T N ¥
. w R i .
') EE N I ] ¥
. RN alm .
L) EEE NN T N ]
w Lk kM h &k kA alm .
] N
. « .
L PR R
w RN .
) EEE NN T N
w Lk kM h &k kA .
L) EE N ]
. w R .
') EE N I ]
w A Ak h ] .
L) EEE NN T N

J

RS N R R R R

kT T
:&...
h
b
h o
i
b
b
h
b
h o
i
X
T
¥
b
b
5
b
b
¥
b
b
;]
b
b
¥
Y
]
;
b
b
¥
b

Jod g bk de ke kb i
. L L A L
i e e e e
L NN NN
P e N
: i b de
' L #k##&#ﬁk##
= e e i v _lr._l..;...l._l.... ErEr T Y - -
r b b & Yy dr i
. .._.._.._.._.._.._.__.._.._..1'.._.._.._.._.._ [ .._..-.._..._..._. in

N
._..i.._ A & &
b ko b EE Y
Lk k& A h kA klE
h & PN
.._.._._1-.._.._.._.__.__.._.._
w N

.._.._....i.._.__.._.__.._.._.._.._.._.._#.._.__.._
=

r
]
AP A e e A e e e LR R E B E b L

Sheet 13 of 20

. . . it . . i it . wonom o momals o nmononfnomomom o nfonomomomomteomomomom
. . ¥ . ¥ . ¥
¢ NN ”J.”.F”J.”. ”J.TIT”J.THH M .ﬂ H
DRI BN ENEEDE DTS ') N &
N A NPT R, S NI A ¥, "5 +,
. . ¥ . ¥ i ¥
PR T T - T L N . K2 -0
T L . S X “ ) Tl
. A . .. . L . L -... i ..-.1 e
. . . 'l . . - b i R ) I

I-il

.
N
.
ety o e s e i

- .‘.‘1" --.--

ﬁ#####il‘####
LD TR D)

k
L
.k
L PR
ahea

- T T - T L T - -

EEE LI EEEEY EFE T

- e ..
L
e e e e g e e e

e rE E Y Fr EE EE LR

[

P R, Py

Jan. 12, 2021

9 A & A & -
X ' '
9 s s N
9
» & &
9 i i X
X ' '
2 & 2 & N
L L L L]
. . . . 9 & & I
- - I A & A & ¥
[ ar 4 ATh & O]
& L] L] LA
. . 9 ala
. LT P . ) 3
. . L a2 m a2 m » » baa . a
» .._.._.ﬁ._.._.._ ) r }
. . . .. . L i i X FC O P a2 w om owoa A w m o woaje s woaw .
i e e i whr ke el - oy e ol ol ol oy s ol o ok o o i
. . L " omam .
& r
[ ] & . -
I r
. " T .
Tt
[ ] .__.._.__ . -
.
[ ] N -.-.- -
e .
. A T .
[ ] Ak . -
R H
[ ] a & . -
L r k
" — T .
- LI |
[ ] .._.._.._ ...-.- -
r
" .
. ' atu .
' L+ ;
M T .
X
[ ] & -H- -
X
' s .
i .
. r
[ ] & = am -
- r }
i ol wfff ul ol O .
- & r
i X ala .
.._.__.._.__ LI |
. RCM] .
- S AR
» =Ty
s " 2l o omomow .
. r
ala .
s -4
. 1..-.- .
s " 2l o omomow .
NN
. Pt S Py, s, A o RN NN NN NN .-.- PRI -2
N T 2 A uh " mowowom " mlm owomomow .
A e R O r r
i P ) e O .
s & b & Mph b Mk & a h e & & A .
.._.r.._.__.ﬁ._.._.._—..._.._.._.._.__ r }
A b b E N h M b & A b A b e .
A M E K & b g & ok b r
. .
A agm & s a A a a aja =
.__.._...._.._r.._.._H._.__..__.._.._ﬂ.._.._ ...lu—..l. .
T PR WA r
W W N ' R N a'a .
A, Mgl s J gl iy r
r o | r o | r o | | ala .
Y T ' a2 klah r
. 2 A a e a N a s a'a .
P P P P r
ala .
r
Y Y Y » PN .
2 h N 2k 2k PN
i i i X PO alm N .
r
. .
P u e e b hlh &
a2 m a2 m a2 m » a2 a s . .

b b b M OE & L & ok & r
Ll -
r
= nom " m o= o® o m = omo@mo@m == = = = = omom -
s = by = omom -
r r
. T L] .

.
Py e

........
Y IR N
T S ....M.....I e

et Tt Tt s g st
e R

TP
bt
.

e i e i ] A e A e e B e e e e

g g

*
*
*
*
EDIDEIY BEDIED D SR * H X :
. . . . LT e
. . . . R . S ata ¥ T .
. "
. . . . . . . ata ¥ . .
. . . . LT :
i iy iy . iy
RILILENT SRt PR A H A .
A I o R
. . . . . . . ata * T .
. . . . LT
. . . . R . S ata ¥ T .
. ¥ e
. . . . . . P R TR | s .

U.S. Patent



US 10,893,193 B2

Sheet 14 of 20

Jan. 12, 2021

U.S. Patent

E I DO A RO R RS R BN R R
E I T T RO T R T R R R ]
A & & & & L
b & & & bk kA&
I I T R R RN R R R I )
4 & & b & & b & & Ao oA
E I DO A RO R RS R BN R R
F I T T RO T R R )
A & & & & L
b & & & bk kA&
I I T R R RN R R R I )
& & & & & & & & & &
E I DO A RO R RS R BN R R
F I T TP RO T RO T R R B I
A & & & & L
b & & & bk kA&
I I T R R RN R R R I )
4 & & b & & b & & Ao oA
E I DO A RO R RS R BN R R

b & & & bk ks kA kA&
F I I T R R R R R R R )
A & & & L & & &
b & & b & & s A kR &
F I DO T R R R RN R RN R R
A & & b & & bk ok E oA
b & & & bk ks kA kA&
F I I T R R R R R R R )
A & & & L & & &
b & & b & & s A kR &
F I DO T R R R RN R RN R R
A & & b & & bk ok E oA
b & & & bk ks kA kA&
F I I T R R R R R R R )
A & & & L & & &
b & & b & & s A kR &
F I DO T R R R RN R RN R R
A & & b & & bk ok E oA
b & & & bk ks kA kA&

4 & & & & & & & & &
F I T T R T )
L & & by

E N DO A B B RO )
A b & b bk bk ok kL ok
L]

L

r
r
r

F I I I B B R
b & & b & & & &)

r
r
L]

r

r

r

E I DO A RO R RS R BN R R
F I T TP RO T RO T R R B I
A & & & & L
b & & & bk kA&
I I T R R RN R R R I )
& & & & & & & & & &
E I DO A RO R RS R BN R R
F I T TP RO T RO T R R B I
A & & & & L
E IO DO DO N R R N I I )
I I T R R RN R R R I )
& & & & & & & & & &
E I DO A RO R RS R BN R R
F I T TP RO T RO T R R B I
A & & & & L
E IO DO DO N R R N I I )

I I T R R RN R R R I )
4 & & b & & b & & Ao oA

r
r

b & & & bk ks kA kA&
F I I T R R R R R R R )
A & & & L & & &
b & & b & & s A kR &
F I DO T R R R RN R RN R R
A & & b & & bk ok E oA
b & & & bk ks kA kA&
F I I T R R R R R R R )
A & & & L & & &
b & & b & & s A kR &
F I DO T R R R RN R RN R R
A & & b & & bk ok E oA

r

r
r

r
r
r
r
r

r
r
r
r
r

E I DO A RO R RS R BN R R
F I I T RO R R R R R I )
A & & & & L
E IO DO DO N R R N I I )
I I T R R RN R R R I )
& & & & & & & & & &
E I DO A RO R RS R BN R R
I B T R R R R R R
A & & & & L
b & & & bk kA&
I I T R R RN R R R I )
& & & & & & & & & &
E I DO A RO R RS R BN R R
A b bk b bk ok ok
A & & & & L
b & b b oA E I
A & & b & & &

r
r
L]
r
L]

r
r
r

r
r
r
r
r

L
r
r
L]
r
L]

r

r

r

r
FFrrrrrrr
r r
bbbbbbbbb
Frrrrrrr

r

r
r
Frrrbrbrririr

r
Frrrrbrririr

Frrrrlrririr

L
r

r
Frrrrrrbrririr

F ke rrlrrrir

E
&

b b & & .r.r

b & & E E

&

i & & & & &

E I L]

F I B I ) & &

L & & &

E N IO A R B R ) E I

F I I T R R R I ) & b &

' & & b & kN h k& L
b & & b & b h A oA h b &
F O I R A RO R I R R ) I
A & & & & L & & &

E IO DO DO N R R N I I ) E I
F I B T R R R R R ) & b &
A & & b & & Nk kN L
E I DO A RO R RS R BN R R E I
F I I T RO R R R R R I ) I
A & & & & b & kA kA & &
b b & kb kA kA koA LN

E I DO A RO R RS R BN R R
F I I T RO R R R R R I )
A & & & & L
b & & b & & s b ks &
I I T R R RN R R R I )
& & & & & & & & & &
E I DO A RO R RS R BN R R
F I I T RO R R R R R I )
A & & & & L
E IO DO DO N R R N I I )
I I T R R RN R R R I )
& & & & & & & & & &
E I DO A RO R RS R BN R R
I B T R R R R R R
A & & & & L
b & & & bk kA&
I I T R R RN R R R I )
& & & & & & & & & &
E I DO A RO R RS R BN R R
I B T R R R R R R
A & & & & & & kA Ak

r

b b &
L
L]

b &
& & by
E I B B )
b b ok ok

L
b & ko
A & b &

r

L.

L

L
r

r
r

r
r

r
F rrrrrbrrirrir

L I

. A h ko
.-..-..-_ l.-.l.-..-_.-.l.-.l.-..-_.-.l.-.l.-..-_. RN NN
[ & & & & & & & & 4] RN YN EN]
F TN N NN Y NN Y N
* LR N M N - RN RN EN
N LN ~ RN YN EN
[ & o o O & & & 4] RN RN
PN LN N RN NN
[ & & & & & & & & 4] RN YN EN]
F TN N NN Y NN Y N
* LR N M N - RN RN EN
I Ny - RN YN EN
& o o O & & & 4] RN RN
I ~ RN NN
& & & & & & & & 4] RN YN EN]
EC N N ~ NN Y NN Y N
LR N M N - RN RN EN
I Ny - RN YN EN
& o o O & & & 4] RN RN
E N W RN NN
LR M A A -

.
J A & & & b & & & b kL S b b &
“4”4“4”4”4”4”4.-4“4”4”4 ”4”4“4“4“4”4”4”4“ ) e FCRER
L EAC A0 SCRCCBCMCAC A M - P
" F ] A& & &3
b BC LML MM N AC AL e MMM MMM LA A e e A
M M MM L M EF R N aas
T R R R aalad
L e R L R R &g
I I R R R R R R R N R ) ]
.___“.___H.._”...H.___H.._”...“.._”.._H...H.._H .__.“.___H.___”.___H.___H.._”...H.___H.._ EF R N aas
T R R R aalad
e B C MMM N D AE L LM M MM M T T s a ey
N MM BB, R M R MM T T au ey
Y - - Y Y Y Y - NN N A u a

L)

E I DO A RO R RS R BN R R
F I T TP RO T RO T R R B I
A & & & & L
b & & & bk kA&
I I T R R RN R R R I )
& & & & & & & & & &
E I DO A RO R RS R BN R R
F I I T RO R R R R R I )
E N DA DA A R DA BN I I I
b & & b & & s b ks &
I I T R R RN R R R I )
& & & & & & & & & &
E I DO A RO R RS R BN R R
F O I R A RO R I R R )
A & & & & L
E IO DO DO N R R N I I )

I I T R R RN R R R I )
4 & & b & & b & & Ao oA

r

F

F I DO T R R R RN R RN R R
A & & b & & bk ok E oA
b & & & bk ks kA kA&
F I I T R R R R R R R )
A & & & L & & &
b & & b & & s A kR &
F I DO T R R R RN R RN R R
A & & b & & bk ok E oA

L
r

r
r

i

)

) Hl.”l.”l.”l.”l.”l.”l.”l.“}.”l.

B dr dr e i el

[ ar b drodr ok odrokk
e e

B o T

.k&kﬂkﬂkﬂ#ﬂkﬂkﬂkﬂkﬂkﬂkﬂk Hk”k”kuku...”k”#”ﬂ
dp dp ey eyl iy e e e e el e
' A e N W
drdr dr e e dp e dr R g e e e dr ke
‘ dy iy iy i i ey iy iy e i
dr dp dr e e dp ol e e i e e de e ke dr d e
B r i e i e e e e o e i iy i e
o N iy N
N N A N
sy dp e e p e e e e e e 0 e
N A AN N NN A
N N Ny N N
A N N 1 A
A N N NNy N
B r dr iy e dr iy e e e o e iy i i e
L ar e e dr drdp e de e ke drod e k arar
L I T T S iy

L A TN W

i a

............H...H...H...H.;H...H...Hkﬂ...u...
s
N
kN
iy ey
N
e ek
e
N N
Nt
e
N
o o
s
N
kN
e e e e e

)

”}.H.:.Hl.”b.”l.”b.”}.”b.”}.”b.”}.” l.”b.”l.”b.”l.”#”}.”b.”}.”b.”}.”
o N )
o e
N N A N N N
N N
iy ey e e e iy e e e
o - g g g
o e  ar o N )
o N e D
L N N N
N M
iy e ey e i e e i e e e oy e e Ty
o N - g g g
o N )
o -
N N N N N )
drdr dr e a e e e e e a ki ke ko
e e e T

nAA A A A A A A A A A"
e R R R R A
I b b ok d b ko ko e
g dr dp A e Jr A dp A e Ar g XXX X XXX NEXSEXN
ok b d b drod ok ok ko X R R AR A
dr o dp i dp dy dp e b i 0 iy XXX XXEREEEREE XN
dr dr o dp dr dr dr o dr 0o g Ao A I
dr g dp Jdrodr Jdr odp gr odr Jr o dr 3 A XX X XXX EXENEEN
L N N JE
dr i dp dp dp dy dp o dp i g iy XX TREREXEELTN
L N N N N N N N N N Nk
dr e dp 4 e o dr e b 4 e A XXX X XXX XXX N
dr dr dp 4 A 4 0 0 g 4 oA i
dr e dp e i dp dp dp oy o,
I b b ok d b ko ko e
g dr dp A e Jr A dp A e Ar g AAXXLERAXREXLER
R P N N N N XX XXX NENXEEEREN S
dr o dp i dp dy dp e b i 0 iy TAIXLXERLTETLLTSR
dr g dp dr dp e dr drodr 4o A iR I
ol e o g e T s
" .xnnnxﬂnnx“nﬂxnnnxﬂnnx“n: o iy k]
M X XX LR ETEN Ey > >
B AR X XENXEEE XN
4 HHHHHHHHHHHHHHHHH .._“v.u_ K > u_.
xR X g L
] v”v
. .
" v_””v.v
B H”HHHHH“H”HHH”HHHHH“H”H ”
] L X R XX XXX TN X,
A AR XXX XS X XXX
] L XXX R EREREXE R XN
1__. AL A A A A A A A A A ﬂﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂﬂﬂ”ﬂ”ﬂ”ﬂ”ﬂﬂv
m.H.HH.HH.HH.HH.HH.HH.HH.HHWH.HH.HH.H._.HH.HH.HH.HH.HH.HH.HH.HH.HH.HH.HH.H:
EXXXEXXEXEXEEXEE X XXXEEEERTE N
XXX XXX XXEXEXEALXEXEXELTXEXTXSN
EXEXEREXEXEXEXEEXEXE =X XXEXEEELEXEEN
MO M OE MR MO N E M A NN E M A NN E N
AKX EXELRELXEXEEL = XXXELEXEEEEELH
= X XX XXX XEXERALEXEREEXEESLENEEXEXEN
EEXEXEXEXEREEXEXERXE XX XEEEREREER XN
Ao M N N N N N LN NN N NN T
X AEXER X XXX EXEXNE =X X XEXEEELENEEEA
XXX ERXXEREXEERXLEREEERNEEREXEER N
N
o A R NN N N N AN N XN KN NN KN
EXXEXXEXEXEEXEE X XXX XN
XX XXX XENEXLEXALLEEXEXESLXE
EXEXEREXEXEXEREEXEXNE =X XXX ESN
MO M E MR MW N OE M A N RN E N AN
EXX XXX XENXEXLEXEXE X XXX EN
= X X XXX XXX ERALERXENESR XN
HEXEXXEREEEXEE XXX XENX
. Ly Ly LY Ly Ly ._.H-.H__.H-.H__.H-.H._.H-.H__.R-.H__.H-.H”
nHHHH“HHHHH“HHHHH“HHHHH“v .“HHH“HHHHH“HHHHH“HHHHH“HT HHH“HHHHH“HHHHH“HHHHH“H” "
£X X XXX ERXEEREESNERXENEEEREEENEEREEENEERESENE N
L XX XXX XX EENENXEEENTENEEEEN - XXLEXEEEEERN T
ERXEXEXERXEXERXEREEEXSXEEXELXESEXXESEYEXEXEREEYXESESE XX =
N R N E N E N AN E N E N E N E N E N E NN NN AN E N E N AN
XX XXX XXX XEREXSMNXELEREXLEXEXEREXEXEXEREXLEXSEXERTXE -
A XXX XEXEXEXENXESREXEXEXEXENEXRXE - XXELENXEXEXENEEN T
XX XXX ERXREEREXELEERXEREEERXEEREEEREEEREERERENE E
N M NN N N N TN N N N N N W N N N N N
£ X XXX XX XEREEE XS EEERENESNENXERXEEXEXEREXESES TN S
L EEEEEEEEEELEEEEREREREERERERERERERER-RERERER~-N
L A
AP N AN N R NN E N RN N XN N EN = NN NN NE NN
L EEEEEEEEREEEEEEREREREERERERERELERRRREERBEBBEEN
X AEX X XXX NEXEXNXENXEE XXX NEXEEXENR s FXLXXEXELEELXEXL
ERXEXEXERXEXERXEREEEXSXEEXELXESEXXESEYEXEXEREEYXESESE XX =
N R N E N E N AN E N E N E N E N E N E NN NN AN E N E N AN
L i
n“H.-H.H“H“Hfﬂ.ﬂ“ﬂ“ﬂ”ﬂ“ﬂ.-.ﬂ.-ﬂ.ﬂ“v nHHHHHHHHHHHHHHHHH.HHHHHH“ HHHHH.HHHHHHHHHHHH.HHHHHHH "
“H“HHH“H“HHH“H“HHH“H“ Hﬂv . . .
AR NN NN N
L
XXX X XXX NEXSEXN
XX XEREENEEEREN S
M E N XM E N E N XN
L
n“HHH“H“H“H“H“HHHHHHHHHHU
L -
XXX X XN X
L Y
AR NN A
L
X AEX X XXX
£ X XXX XX
E
L
ﬁﬂ.-.ﬂ.-.ﬂ.-.ﬂ.-.ﬂ.-.ﬂ.-.ﬂ




S. Patent an. 12, 2021 Sheet 15 of 20 S 10.893.193 B2

- A A AR A
= s == oEoEEEE

»
- L
& &
’ wat
. LN .
5 & &
IF|r . ‘*‘*ﬁ*‘* . -ﬂ“\,\* .
L . *-I*-II*-II*-I*-I*-II -t . -
AL . *i*l*l*i*l*l*i L ]
L L. - EC N BE e N N
LA L E N NC e NE N ]
LA . ¥ -II*-I*-I*-II*-I*-I*-II & &
LN . L E N NN
L b L C NC NE NE e )
L - & & F
Ir'rlrlrlr'rlr . » *-Il*-ll‘-ll*-ll*-ll L e N
" F
LALLM . L e
AL . ) »
LN o
" .
r

L. Frrriririr
rF F e rrr
r L r
Frrrrbr irir
rF

r Frrrrr L L
rF F e F e rrr
r L Frrrrrrlbrrrlbrrirlbrrir
Frrrrbr r ir Frrriririr

r
Ll
r

r
Frrrrrrbrbrrbrbrfrbrrlbrbrrlbrrrrrrrrrlrriririr
F rrrrbrbrrbrbrrbrrrrir Frrrrrrbrbrrbrririr r
rF F e F F FFF rF rF
r r L r r L. r r
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb

Frrrr Frrririr r ir i F
F rrrrbrbrrbirbrriririr

N =L
rF
. r
L
‘L
L
‘L
FFrrr
‘B L
L
‘L
L
‘g i
FFrrr
- F
L
‘L FFF
L
. r
rF

r r
Frrrrrrbrbrrbrbrrrlrrlbrrrlrrrrririr irir
L Frrrrr r L. L. L. L. L.
rF F e
L. L r
Frrrrbr r ir
FFrrrrrrr

F F FFF rF rF
Frrrrrrbrbrrbrbrfbrbrfbrbrfbrbrrbriririr
L




U.S. Patent Jan. 12,2021 Sheet 16 of 20 US 10,893,193 B2

1501

FIRST
| SETTING UNIT |

1%02

SECOND
SETTING UNIT

1904

| IMAGING
' UNIT

| DERIVATION |
' UNIT

IMAGING APPARATUS |

\
!

13



US 10,893,193 B2

I ]
b & & bk oh &
b & & b b koA
A b b s ok
A & & & & b & &
b & & b b koA
O I T R R R R )
i b &k bk kN

Sheet 17 of 20

b & kb Ok h N
I I T R R R R )
i b &k bk kN

Jan. 12, 2021

b & & b b koA
I I T R R R R )
i b &k bk kN

U.S. Patent



U.S. Patent Jan. 12,2021 Sheet 18 of 20 US 10,893,193 B2




U.S. Patent Jan. 12,2021 Sheet 19 of 20 US 10,893,193 B2

| GENERATE COMBINED |
IMAGE DATA
Y ,-S3052




U.S. Patent Jan. 12,2021 Sheet 20 of 20 US 10,893,193 B2

3302

~S5305



US 10,893,193 B2

1

IMAGE PROCESSING APPARATUS, IMAGL
PROCESSING METHOD, AND STORAGE
MEDIUM

BACKGROUND
Field of the Disclosure

The present disclosure relates to an 1mage processing
technique for reducing 1image quality degradation.

Description of the Related Art

It has been known that, 1n a case where a high-luminance
object, such as the sun, 1s 1maged, 1image quality degrada-
tion, such as flare, 1s caused 1n an image obtained by the
imaging. Japanese Patent Application Laid-Open No. 2005-
065054 discusses a techmique for changing a table for
gamma correction to be performed on the entire image based
on flare characteristics and a zoom position of a lens.

An occurrence degree of the flare 1s different for each
region 1n the 1image depending on a position and luminance
of the high-luminance object 1n the 1mage. Thus, the flare
cannot be reduced with high accuracy only by conversion of
the table for gamma correction.

SUMMARY

The present disclosure 1s directed to an 1mage processing,
technique for reducing image quality degradation caused by
a high-luminance object with high accuracy.

In some embodiments, an 1mage processing apparatus
includes a first acquisition unit configured to acquire first
data based on a first image that includes a high-luminance
region and a second image that includes an overlapping
region with the first image and that does not include the
high-luminance region, the first data representing flare dis-
tribution 1n the overlapping region in the first image, a
second acquisition unit configured to acquire second data
representing a position of the high-luminance region in the
first 1mage, a generation unit configured to generate third
data representing flare distribution in the first image based
on the first data and the second data, and a correction unit
configured to correct the first image based on the third data.

Further features of various embodiments will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are block diagrams each illustrating a
configuration example of an 1image processing apparatus.

FIG. 2 1s a flowchart illustrating a flow of processing
executed by the 1mage processing apparatus.

FIGS. 3A to 3C are diagrams each illustrating an example
ol a captured image.

FIGS. 4A to 4C are diagrams each illustrating a method
of changing an 1maging range.

FIGS. 5A to 5D are diagrams each 1llustrating positioning
processing and subtraction processing.

FIGS. 6 A to 6C are diagrams each illustrating processing
to generate degraded 1mage data.

FIGS. 7A to 7C are graphs each illustrating processing to
estimate a distribution of 1mage quality degradation.

FIGS. 8A to 8C are diagrams each illustrating processing,
to correct a first image.
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FIG. 9 1s a block diagram illustrating an example of a
functional configuration of the 1image processing apparatus.

FIG. 10 1s a diagram 1llustrating an example of a captured
image.

FIG. 11 1s a table illustrating an example of a color
collection lookup table (LUT).

FIGS. 12A and 12B are diagrams each illustrating a
resolution conversion.

FIGS. 13A to 13C are diagrams each 1illustrating posi-
tioning processing and subtraction processing.

FIGS. 14A and 14B are diagrams each illustrating an
example of a captured 1mage.

FIG. 15 1s a block diagram illustrating a configuration
example of an 1imaging apparatus.

FIGS. 16 A to 16C are diagrams each illustrating a guid-
ance function to support imaging.

FIG. 17 1s a tlowchart illustrating a flow of the positioning,
processing.

FIG. 18 1s a flowchart 1llustrating a flow of the processing,
to generate degraded 1mage data.

FIG. 19 1s a flowchart illustrating a tlow of processing
executed by the 1image processing apparatus.

EMBODIMENTS

DESCRIPTION OF TH

(Ll

Exemplary embodiments are described below with refer-
ence to the drawings. The following exemplary embodi-
ments, however, do not necessarily limit all embodiments.
Further, all combinations of characteristics described in the
exemplary embodiments are not necessarily essential for the
solution 1n all embodiments.

A phenomenon in which a captured 1mage 1s colored or
brightened due to multiple reflections that occurred on a
lens, a lens barrel, an 1maging device, various kinds of
filters, and a cover glass included in an 1imaging apparatus;
diffraction on an objective lens; and the like has been
known. The phenomenon 1s called flare. In addition, as one
kind of flare, there 1s a phenomenon in which a strong light
image appears on a straight line passing through an 1image of
a high-luminance object and a center of the image. The
phenomenon 1s called ghost. Such image quality degradation
occurs particularly due to the fact that the high-luminance
object 1s 1ncluded 1n an 1maging range. To solve this prob-
lem, 1n a first exemplary embodiment, an image not includ-
ing a high-luminance object 1s used to reduce 1mage quality
degradation 1n an 1mage including a high-luminance object.
<Hardware Configuration of Image Processing Apparatus>

FIG. 1A illustrates an example of a hardware configura-
tion of an 1mage processing apparatus 1. The 1image pro-
cessing apparatus 1 1s, for example, a computer, and includes

a central processing unit (CPU) 101, a read-only memory
(ROM) 102, and a random access memory (RAM) 103. The

CPU 101 uses the RAM 103 as a working memory to
execute an operating system (OS) and various kinds of
programs stored in the ROM 102 and a hard disk drive
(HDD) 15. Further, the CPU 101 controls these components
via a system bus 107. Processing in a flowchart described
below 1s executed by the CPU 101 loading program codes
stored 1n the ROM 102, the HDD 15, etc. into the RAM 103
and by the CPU 101 executing the loaded program codes. A
general-purpose mterface (IF) 104 1s connected to an 1nput
device 12, such as a mouse and a keyboard, and an 1imaging
apparatus 13 via a serial bus 11. A serial advanced technol-
ogy attachment (SATA) I/’F 105 1s connected, via a serial bus
14, to the HDD 15 and a general-purpose drive 16 that
performs reading and writing of various kinds of recording

media. The CPU 101 uses the HDD 15 and various kinds of
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recording media mounted on the general-purpose drive 16 as
storages of various kinds of data. A display 17 1s connected
to a video I'F 106. The CPU 101 displays a user interface
(UI) provided by a program on the display 17, and receives
an input of a user instruction, etc. via the input device 12.
The 1image processing apparatus 1 may be included in the
imaging apparatus 13.

<Functional Configuration of Image Processing Apparatus>

FIG. 1B illustrates an example of a functional configu-
ration of the image processing apparatus 1. The i1mage
processing apparatus 1 includes an 1mage acquisition unit
201, a degradation estimation unit 202, and a correction unit
203.

The 1mage acquisition unit 201 includes a first 1image
acquisition unit 204 and a second i1mage acquisition unit
205. The first image acquisition unit 204 acquires 1image data
representing an 1mage to be corrected, and the first image
acquisition unit 204 transmits the acquired 1image data to the
degradation estimation unit 202 and the correction unit 203.
Hereinaiter, the image to be corrected 1s referred to as a first
image, and the image data representing the i1mage to be
corrected 1s referred to as first image data. The first image
includes a high-luminance region. The second 1mage acqui-
sition unit 205 acquires 1image data representing an 1mage
for correction and transmits the acquired 1mage data to the
degradation estimation unit 202. Hereinaiter, the image for
correction 1s referred to as a second 1mage, and the 1image
data representing the image for correction 1s referred to as
second 1mage data. The second image does not include a
high-luminance region, and the second image includes an
overlapping region with the first image. The first image and
the second image according to the present exemplary
embodiment are both grayscale images; however, they may
also be color images. In a case where color 1mages are used,
the processing described below 1s performed on each of
channels of R, G, and B for corresponding pixels.

The degradation estimation unit 202 estimates a degree of
image quality degradation in the first image. The degrada-
tion estimation umt 202 includes a positioning processing,
unit 206, a subtraction processing unit 207, an extraction
unit 208, and a generation unit 209. The positioning pro-
cessing unit 206 performs positioning processing on the
second 1mage so as to match a position of an object included
in the first image with a position of the object included 1n the
second 1mage using the first 1image as a reference. In
addition, the positioning processing unit 206 transmits the
first image data and the second 1mage data representing the
second 1mage subjected to the positioning processing to the
subtraction processing unit 207. The subtraction processing
unit 207 subtracts pixel values of the overlapping region in
the second i1mage subjected to the positioning processing
from pixel values of the overlapping region in the first
image. Then, the subtraction processing unit 207 transmits
the first image data representing the first image subjected to
the subtraction processing to the generation unit 209. The
first image subjected to the subtraction processing represents
a distribution of a degree of 1image quality degradation 1n the
overlapping region of the first image and the second 1image
subjected to the positioning processing. The extraction unit
208 extracts the high-luminance region in the first 1image,
and the extraction unit 208 transmits information that rep-
resents a position of the extracted region and pixel values in
the extracted region to the generation unit 209. The genera-
tion unit 209 generates degraded 1mage data representing the
distribution of the degree of image quality degradation in the
first image based on the first image data representing the first
image subjected to the subtraction processing and the infor-
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4

mation that represents the position and the pixel values of
the high-luminance region in the first image. Then, the
generation unit 209 transmits the degraded image data to the
correction unit 203. The correction unit 203 corrects the first
image based on the first image data and the degraded image
data.

<Processing Executed by Image Processing Apparatus>

FIG. 2 1s a flowchart illustrating a flow of processing
executed by the image processing apparatus 1.

In S301, the image acquisition unit 201 acquires the first
image data representing the first image to be corrected and
acquires the second image data representing the second
image used for correction of the first 1image. More specifi-
cally, the first image acquisition unit 204 acquires the first
image data and transmits the acquired first image data to the
correction unit 203, the positioning processing unit 206, and
the extraction unit 208. The second 1mage acquisition unit
205 acquires the second image data and transmits the
acquired second image data to the positioning processing
unmit 206. At this time, the first image acquisition unit 204
and the second 1mage acquisition unit 205 acquire the first
image data and the second image data, respectively, that are
preliminary stored 1n a storage device, such as the HDD 185.
An 1maging method to obtain the first image data and the
second 1mage data 1s described below.

FIGS. 3A to 3C are diagrams each 1llustrating an example
of the captured image according to the present exemplary
embodiment. FIG. 3A 1s a diagram 1illustrating a state where
a target scene 1s 1maged twice with diflerent 1maging ranges.
An 1imaging range 401 1s an imaging range including the sun
as a high-luminance object. An 1imaging range 402 1s an
imaging range not including the sun. FIG. 3B illustrates the
captured 1image of the imaging range including the sun 1n
FIG. 3A. FIG. 3C illustrates the captured image of the
imaging range not including the sun mm FIG. 3A. The
captured 1mage 1illustrated in FIG. 3B and the captured
image illustrated i FIG. 3C are images obtained by imaging
at the same zoom magnification under the same exposure
condition. The captured image illustrated 1n FIG. 3C does
not include the sun as the high-luminance object 1n the
imaging range. Thus, an occurrence amount of tlare 1s small
and a brightness of the same object 1s low compared with the
captured 1image 1illustrated in FIG. 3B. Dotted lines 1n FIG.
3B and FIG. 3C indicate a region where the imaging ranges
overlap with each other.

A method of changing the imaging range 1s described with
reference to FIGS. 4A to 4C. FIG. 4A illustrates an example
in which the imaging range i1s changed by moving the
imaging apparatus in parallel. F1G. 4B and FIG. 4C each
illustrate an example in which the imaging range 1s changed
by rotationally moving the imaging apparatus. The parallel
movement 1 FIG. 4A 1s performed 1n, for example, pan-
oramic 1maging. The rotational movement in FIG. 4B 1s
applied as, for example, a part of an 1maging system that
images the same object from various angles to generate a
virtual viewpoint image. The rotational movement in FIG.
4C 1s applied as a part of an 1imaging system that images, for
example, the whole sky. In each of the examples, the
imaging range of the i1maging apparatus on right side
includes the sun as the high-luminance object, and the
imaging range ol the imaging apparatus on left side does not
include the sun. In each of FIGS. 4A to 4C, a range indicated
with an arrow 1s an overlapping region of two 1maging
ranges. The first image data according to the present exem-
plary embodiment 1s image data obtained through 1maging
using the 1imaging apparatus on the right side, and the second
image data according to the present exemplary embodiment
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1s 1mage data obtained through imaging using the imaging
apparatus on the left side. The imaging apparatus on the left
side and the imaging apparatus on the right side may be the
same 1maging apparatus or diflerent imaging apparatuses as
long as the exposure condition 1s the same.

In S302, the positioning processing unit 206 executes the
positioning processing based on the first image data and the
second 1mage data. Processing contents of the positioning
processing 1n this operation 1s described with reference to
FIGS. 5A to 3D and FIG. 17. FIG. 17 1s a tlowchart
illustrating a flow of the positioning processing in S302.

In 83021, the positioning processing unit 206 calculates
the overlapping region of the first image and the second
image. More specifically, the positioning processing unit
206 performs known-pattern-matching processing in which
a characteristic point of the first image and a characteristic
point of the second image are extracted to calculate the
overlapping region. For example, the characteristic point
may be a region where luminance or varation of the
luminance 1s larger than a predetermined threshold. Alter-
natively, the pattern matching may be performed by calcu-
lating a characteristic amount for each region in each of the
images. A method of calculating the overlapping region 1s
not limited to the pattern matching. For example, the over-
lapping region of the first image and the second image may
be calculated by geometric calculation using an 1maging,
position and a viewing angle to obtain the first image and an
imaging position and a viewing angle to obtain the second
1mage.

In S3022, the positioning processing unit 206 executes
mask processing on a region other than the overlapping
region calculated 1n S3021 1n the first image and the second
image. The mask processing according to the present exem-
plary embodiment 1s processing to set the pixel values to
zero (black). FIG. SA and FIG. 3B each illustrate an image
in which the mask processing has been performed on a
region other than the overlapping region. The 1mage illus-
trated 1n FIG. 5A 1s an image 1n which the pixel values of the
region other than the overlapping region in the first image
are set to zero. The image illustrated 1n FIG. 5B 1s an image
in which the pixel values of the region other than the
overlapping region in the second 1mage are set to zero.

In S3023, the positioning processing unit 206 executes the
positioning processing on the second image so that the
overlapping region of the first image and the overlapping
region of the second 1image match with each other using the
first 1mage as a reference. More specifically, the positioning
processing unit 206 calculates a transformation matrix used
for atline transformation by using the first image and the
second 1mage, and the positioning processing unit 206
performs the positioming processing by using the calculated
transformation matrix. FIG. 5C 1llustrates the second image
subjected to the positioning processing so that the overlap-
ping region of the first 1mage subjected to the mask pro-
cessing and the overlapping region of the second image
subjected to the mask processing match with each other. The
transformation method to perform the positioning i1s not
limited to the atline transformation. For example, a known
phase only correlation (POC) may be used. The positioning
processing 1n S3023 may be performed without performing
the mask processing 1 S3022.

In S303, the subtraction processing umt 207 subtracts the
pixel values of the overlapping region of the second image
subjected to the positioning processing from the pixel values
of the overlapping region of the first image based on the first
image data and the second image data subjected to the
positioning processing. In addition, the subtraction process-
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ing unit 207 transmits the first image data representing the
first 1mage subjected to the subtraction processing to the
generation umt 209. FIG. 5D illustrates the first image
subjected to the subtraction processing. If the pixel values
become lower than zero due to the subtraction, the pixel
values are clipped at zero. As described above, the first
image subjected to the subtraction processing represents a
distribution of the degree of image quality degradation in the
overlapping region of the first image and the second image

subjected to the positioning processing.

In S304, the extraction unit 208 extracts the high-lumi-
nance region in the first image and transmits information
that indicates the position of the extracted region and the
pixel values 1n the extracted region to the generation unit
209. More specifically, the extraction unit 208 extracts, as
the high-luminance region, a region where each of the pixel
values 1s larger than a predetermined threshold 1n the first
image. In addition, the extraction unit 208 generates, as the
information that indicates the position of the extracted
region and the pixel values 1n the extracted region, extracted
image data that represents the first image in which the mask
processing has been performed on the region other than the
extracted high-luminance region (extracted image). FIG. 6 A
illustrates a result of extraction of the high-luminance
region, 1.¢., the position and the pixel values corresponding
to the high-luminance object, from the first image. The pixel
values of the region other than the region corresponding to
the sun (white) as the high-luminance object are zero
(black), and the pixel values indicating a brightness of the
sun are recorded in the region corresponding to the sun
(white). The information indicating the position of the
extracted region and the pixel values of the extracted region
1s not limited to the extracted image data. For example, the
information may be point cloud data in which positions of
the pixels corresponding to the extracted high-luminance
region are associated with the pixel values at the pixel
positions.

In S305, the generation unit 209 generates degraded
image data that represents the distribution of the degree of
image quality degradation in the first image based on the first
image data representing the first 1image subjected to the
subtraction processing and on the extracted image data. In
addition, the generation unit 209 transmits the degraded
image data to the correction unit 203. Contents of the
processing to generate the degraded image data in this
operation are described with reference to FIGS. 6A to 6C,
FIGS. 7A to 7C, and FIG. 18. FIG. 18 1s a flowchart
illustrating a flow of the processing to generate the degraded
image data.

In S3051, the generation unit 209 combines the first image
subjected to the subtraction processing and the 1image rep-
resented by the extracted image data. More specifically, the
generation unit 209 generates combined 1mage data repre-
senting an i1mage (combined image) i which the pixel
values of the first image subjected to the subtraction pro-
cessing are recorded in the overlapping region, and the pixel
values of the extracted image represented by the extracted
image data are recorded 1n the region other than the over-
lapping region. FIG. 6B illustrates the combined image
obtained by combining the first 1image subjected to the
subtraction processing and the extracted image. In the com-
bining processing, newly generating the image data as
described above 1s not necessarily required. In a case where
both the first image subjected to the subtraction processing
and the extracted image have been subjected to the above-
described mask processing, the pixel values of one of the




US 10,893,193 B2

7

images may be added to the pixel values of the other image
to acquire the combined 1mage data.

In S3052, the generation unit 209 executes fitting of a
Gaussian function to the pixel values of the combined
image. In the fitting, the pixel values of the high-luminance
region and the pixel values of the overlapping region 1n the
combined image are used, and a center (peak) position of the
(Gaussian function 1s set to a centroid coordinate B of the
high-luminance region, for example as illustrated in FIG.
6B. FIG. 7A 1illustrates a profile of the pixel values on a
dashed line 1n the combined image illustrated 1n FIG. 6B.
FIG. 7B 1llustrates a profile of the pixel values at positions
corresponding to the dashed line illustrated in FIG. 6B
expressed 1n the Gaussian function obtained by the above-
described fitting. The dashed line illustrated in FIG. 6B
indicates a straight line passing through a center coordinate
A of the overlapping region and the centroid coordinate B of
the high-luminance region. Performing the fitting in this
operation makes it possible to calculate the distribution of
the degree of 1mage quality degradation in the region other
than the overlapping region of the first image. The fitting in
this operation 1s performed on a two-dimensional combined
image; however, the profile of the pixel values 1s simplified
into one dimension (x direction illustrated 1n FIG. 6B) to
make the description easy. The function used for the fitting,
1s not limited to a Gaussian function, and a damping
function, such as an exponential function, may be used.
Further, 1t 1s unnecessary to perform the fitting on all of the
pixel values of the combined image. The fitting may be
performed on at least a part of the pixel values as long as the
degree of image quality degradation can be sufliciently
estimated.

In S3053, the generation unit 209 generates the degraded
image data representing the distribution of the degree of
image quality degradation in the first image. More specifi-
cally, the generation unit 209 generates the degraded image
data representing the subtraction result by subtracting the
pixel values of the extracted image from the pixel values of
the i1mage representing Gaussian distribution, which 1s
obtained through the fitting 1 S3052. As described above,
the subtraction result (hereinaiter, referred to as a degraded
image) represents the distribution of the degree of image
quality degradation in the first image. In the subtraction
processing, a negative value 1s clipped at zero. FIG. 6C
illustrates the distribution of the degree of image quality
degradation in the first image. FI1G. 7C 1llustrates the profile
of the pixel values at the positions corresponding to the
dashed line illustrated in FI1G. 6B, 1n the distribution of the
degree of 1mage quality degradation. As 1llustrated 1n FIG.
7C, the degree of image quality degradation 1s varied for
cach region, depending on the position and the luminance of
the high-luminance region, and the degree of image quality
degradation becomes larger as the position comes closer to
the high-luminance region.

In S306, the correction unit 203 corrects the first image
based on the first image data and the degraded image data.
More specifically, the correction unit 203 subtracts the pixel
values of the degraded image represented by the degraded
image data from the pixel values of the first image repre-
sented by the first image data. FIG. 8A illustrates the same
image as the first image to be corrected illustrated i FIG.
3B. FIG. 8B illustrates the same distribution as the distri-
bution of the degree of 1image quality degradation 1n the first
image 1llustrated in FIG. 6C. FIG. 8C illustrates the first
image corrected through the subtraction processing in this
operation. As a result of this correction, the 1mage 1n which
the 1mage quality degradation, such as flare, has been
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reduced can be obtained without reducing the brightness of
the sun (high-luminance object). The corrected first image

data obtained may be stored in a storage device, such as the
HDD 15, or may be output to an external device.

Effects of First Exemplary Embodiment

As described above, the 1mage processing apparatus
according to the present exemplary embodiment acquires the
data representing the flare distribution in the overlapping
region of the first image based on the first image that
includes the high-luminance region and the second image
that includes the overlapping region with the first image and
does not include the high-luminance region. In addition, the
image processing apparatus acquires the data representing
the position of the high-luminance region in the first image.
Based on the acquired data, the image processing apparatus
generates the data representing the flare distribution in the
first image. Based on the generated data, the 1image process-
ing apparatus corrects the first image. As a result, 1t 1s
possible to obtain the distribution of the degree of image
quality degradation 1n the first image based on the position
and the luminance of the high-luminance region 1n the first
image. Accordingly, 1t 1s possible to reduce the 1mage quality
degradation caused by the high-luminance object with high
accuracy.

In the first exemplary embodiment, to obtain the 1image
that includes the high-luminance object 1n the imaging range
and the image that does not include the high-luminance
object in the imaging range, the imaging range 1s changed by
moving the 1maging apparatus without changing the expo-
sure condition and the zoom magnification. In a second
exemplary embodiment, the image quality degradation of
the 1mage to be corrected 1s reduced by using 1mage data
obtained through imaging twice at different zoom magnifi-
cations. The hardware configuration of the 1mage processing
apparatus 1 according to the present exemplary embodiment
1s the same as the hardware configuration of the image
processing apparatus 1 according to the first exemplary
embodiment, and therefore a description thereof 1s omatted.
Hereinafter, differences between the present exemplary
embodiment and the first exemplary embodiment are mainly
described. The configuration that 1s the same as the con-
figuration according to the first exemplary embodiment 1s
described by using the same reference numerals.
<Functional Configuration of Image Processing Apparatus>

FIG. 9 illustrates an example of a functional configuration
of the 1image processing apparatus 1. The 1mage processing
apparatus 1 includes the image acquisition unit 201, the
degradation estimation unit 202, and the correction unit 203.

The image acquisition unit 201 includes the first image
acquisition unit 204 and the second 1mage acquisition unit
2035. The first image acquisition unit 204 acquires first image
data and transmits the acquired first image data to the
degradation estimation unit 202 and the correction unit 203.
The first 1mage includes a high-luminance region. The
second 1mage acquisition unit 205 acquires second 1mage
data and transmits the acquired second image data to the
degradation estimation unit 202. The second 1image does not
include a high-luminance region, and the second image
includes an overlapping region with the first image. The first
image according to the present exemplary embodiment 1s
obtained by 1maging 1n which a zoom magnification 1s lower
than a zoom magnification in 1maging to obtain the second
image. Both the first image and the second 1image according
to the present exemplary embodiment are color images;
however, they may be grayscale images. In a case of the
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grayscale 1mages, a color correction unmt 901 performs
correction processing on one channel for each pixel.

The degradation estimation unit 202 estimates a degree of
image quality degradation in the first 1mage. The degrada-
tion estimation unit 202 includes the color correction unit
901, a lookup table (LUT) holding unit 902, a resolution
conversion unit 903, the positioning processing unit 206, the
subtraction processing unit 207, the extraction unit 208, and
the generation unit 209. The color correction unit 901 refers
to a color correction lookup table to perform color correction
processing on the second image. In the second 1mage, image
quality degradation caused by the high-luminance object
hardly occurs as compared with the first image. On the other
hand, a distance between lenses 1s increased due to a high
zoom magnification in the imaging, and the number of times
of light reflecting 1nside the lens barrel 1s increased. Accord-
ingly, the entire 1mage 1s brightened. The color correction
unit 901 corrects the color of the second 1mage to suppress
an adverse eflect on the correction processing performed by
the correction unit 203 caused by the phenomenon 1n which
the entire i1mage 1s brightened. Since the resolution 1s
different between the first image and the second 1image due
to difference of the zoom magnification, the resolution
conversion unit 903 converts resolution of the second 1image
to make the resolution of the first image and the resolution
of the second image equal to each other. The positioning
processing unit 206, the subtraction processing unit 207, the
extraction unit 208, and the generation umt 209 are similar
to those 1n the first exemplary embodiment, and descriptions
thereol are omitted.
<Processing Executed by Image Processing Apparatus>

FIG. 19 1s a flowchart illustrating a flow of processing
executed by the image processing apparatus 1.

Processing 1n S301 1s similar to that in the first exemplary
embodiment, and therefore a description of the processing is
omitted. An 1maging method to obtain the first image data
and the second 1mage data 1s described below. FIG. 10 1s a
diagram 1illustrating an example of a captured 1image accord-
ing to the present exemplary embodiment. An 1image 1001 1n
FIG. 10 1s an image obtained through imaging 1n which the
high-luminance object 1s included 1n the 1maging range. An
image 1002 in FIG. 10 1s an 1image obtained through imaging
in which the high-luminance object 1s not included 1n the
imaging range. The imaging to obtain the image 1001 1is
performed at a lower zoom magnification than that in the
imaging to obtain the mmage 1002. Since the sun as the
high-luminance object 1s not imncluded in the 1imaging range
of the image 1002, an occurrence amount of flare in the
image 1002 1s smaller than that in the image 1001, whereby
brightness of the same object in the image 1002 1s lower than
that in the image 1001 even under the same exposure
condition. In the present exemplary embodiment, the image
1001 corresponds to the first image, and the image 1002
corresponds to the second image.

In S1901, the color correction unit 901 refers to the color
correction LUT to correct the color of the second 1mage.
FIG. 11 illustrates an example of the color correction LUT
held by the LUT holding unit 902. The color correction LUT
1s a lookup table that 1s preliminarily created by imaging a
color chart that does not include a high-luminance region
under the same exposure condition and at the same zoom
magnification as those in the imaging of the first image and
as those 1n the imaging of the second image. The color
correction LUT holds a correspondence relationship
between color information (R value, G value, and B value)
in 1maging at relatively high zoom magnification and color
information (R' value, G' value, and B' value) in imaging at
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relatively low zoom magnification. As illustrated 1n FIG. 11,
the R' value, the G' value, and the B' value are generally

higher than the R value, the G value, and the B value. In this
operation, the color correction unit 901 refers to the color
correction LUT to convert the color of the second image so
that the R' value, the G' value, and the B' value become the
R value, the G value, and the B value, respectively. In the
RGB color space, as for the pixel value between points
where the correspondence relationship of each of the points
1s held by the LUT, a corresponding value 1s calculated
through interpolation processing using points near the pixel
value from among the points where the correspondence
relationship thereot 1s held by the LUT. The color correction
processing in this operation 1s not limited to the method
using the table. For example, a matrix that converts the R’
value, G' value, and the B' value into the R value, the G
value, and the B value, respectively, may be preliminary
created, and calculation processing using the created matrix
may be performed.

In S1902, the resolution conversion unit 903 converts the
resolution of the second 1mage so that the resolution of the
second 1mage becomes equal to the resolution of the first
image. FIGS. 12A and 12B are diagrams illustrating the
resolution conversion in this operation. FIG. 12A 1s a
diagram 1illustrating a state where the resolution of a first
image 1201 and the resolution of a second 1mage 1202 are
different from each other. As illustrated in FIG. 12A, the
number of pixels of the first image 1s equal to the number of
pixels of the second image. Thus, 11 the zoom magnifications
are diflerent from each other, the resolutions are different
from each other. To perform the positioning processing in
S302, the resolution of the second image 1s converted 1n
S1902. A second mmage 1203 1n FIG. 12B i1s the second
image 1n which the resolution has been converted so as to be
equal to the resolution of the first image 1201. A conversion
magnification for the resolution conversion 1s calculated by
using the zoom magnification in the imaging to obtain the
first 1mage and the zoom magnification 1n the 1imaging to
obtain the second 1mage.

In S302, the positioning processing unit 206 calculates the
overlapping region of the first image 1201 and the second
image 1203, and performs the positioning processing on the
overlapping region. FIG. 13 A illustrates an image obtained
by cutting out the overlapping region from the first image
1201, and FIG. 13B illustrates an image obtained by cutting
out the overlapping region from the second image 1203 and
being positioned so as to match the cut out image of FIG.
13A. In S303, the subtraction processing umt 207 subtracts
the pixel values of the image of FIG. 13B from the pixel
values of the image of FIG. 13A. FIG. 13C illustrates the
first 1image obtained by subtracting the pixel values of the
image ol FIG. 13B from the pixel values of the image of
FIG. 13A. The other processing in operations S302 to S306
1s similar to the processing in the first exemplary embodi-
ment, and therefore a description of the processing 1s omit-
ted.

-

[T

flects of Second Exemplary Embodiment

As described above, the 1mage processing apparatus
according to the present exemplary embodiment corrects the
image to be corrected by using the image that was captured
using imaging with a different zoom magnification from that
of the image to be corrected. Accordingly, 1t 1s possible to
reduce the 1image quality degradation caused by the high-
luminance object with high accuracy. In addition, it 1s
possible to acquire the image used for correction through
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imaging to obtain the image to be corrected without chang-
ing the position and the direction of the imaging.

In the above-described exemplary embodiments, the
image to be corrected and the image used for correction that
are obtained through imaging while changing the position,
the direction, or the zoom magnification of the imaging
apparatus are used in the processing. In a third exemplary
embodiment, an 1mage obtained through 1maging in a state
where the high-luminance object 1n the 1maging range 1s
shielded-without changing the position, the direction, or the
zoom magnification of the 1maging apparatus in the 1mag-
ing—is used as the image for correction. The hardware
configuration, the functional configuration, and the process-
ing contents of the 1mage processing apparatus 1 according
to the present exemplary embodiment are the same as those
in the first exemplary embodiment, and therefore descrip-
tions thereof are omitted. Hereinatter, differences between
the present exemplary embodiment and the first exemplary
embodiment are mainly described. The configuration that 1s
the same as the configuration according to the first exem-
plary embodiment 1s described by using the same reference
numerals.
<Imaging Method>

The 1image data acquired by the image acquisition unit
201 1n S301 according to the present exemplary embodiment
1s 1mage data obtained by an imaging method described
below. The imaging method 1s described with reference to
FIGS. 14A and 14B. An 1image 1401 1llustrated 1n FIG. 14A
1s an 1mage 1 which the high-luminance object 1s included
in the 1maging range. An 1mage 1402 illustrated in FIG. 14B
1s an 1mage 1n which the high-luminance object 1s not
included 1n the 1imaging range. Imaging to obtain the image
1401 and imaging to obtain the 1image 1402 are the same 1n
terms of the position, the direction, and the zoom magnifi-
cation of the imaging apparatus; however, the high-lumi-
nance object 1n the imaging range 1s hidden by a shielding
plate 1n the imaging to obtain the 1image 1402. A region 1403
in the image 1402 1s a region where light from the high-
luminance object 1s shielded by the shielding plate. The
shielding plate 1s a plate disposed between the lens of the
imaging apparatus and an object to prevent the high-lumi-
nance object from being captured. A plate with low trans-
mittance 1s used as the shielding plate. An object that shields
the high-luminance object 1s not limited to the plate and may
also be, for example, a shielding member provided to the
imaging apparatus.

Effects of Third Exemplary Embodiment

As described above, the imaging processing apparatus
according to the present exemplary embodiment corrects the
image to be corrected by using, as the image for correction,
the 1mage obtained through imaging in the state where the
light from the high-luminance object 1s shielded. Accord-
ingly, 1t 1s possible to reduce the image quality degradation
caused by the high-luminance object with a high accuracy.
In addition, 1t 1s possible to acquire the image used for
correction through 1maging to obtain the 1mage to be cor-
rected without changing the position, the direction, and the
zoom magnification of the imaging.

In a fourth exemplary embodiment, an imaging apparatus
13 that performs imaging to obtain the first image data and
the second 1mage data 1s described.
<Functional Configuration of Imaging Apparatus>

FIG. 15 1s a diagram 1illustrating a functional configura-
tion example of the imaging apparatus 13 according to the
present exemplary embodiment. The 1maging apparatus 13
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includes a first setting unit 1501, a second setting unit 1502,
a dertvation unit 1503, and an 1maging unit 1504. The first

setting unit 1501 sets an 1maging condition, such as expo-
sure and focus, for the imaging to obtain the first image data
based on information representing an instruction from the
user. The information representing the instruction from the
user 1s mput via a monitor and a button provided to the
imaging apparatus 13. The second setting unit 1502 sets
whether to correct the first image based on the information
representing the instruction from the user. The denivation
umt 1503 derives an 1maging condition for the imaging to
obtain the second image data in a case where the second
setting unit 1502 1s set so as to correct the first image. The
imaging condition derived at this time 1s an 1maging con-
dition 1n which the high-luminance object 1s not included 1n
the imaging range. The imaging unit 1504 performs imaging
under the 1imaging condition set by the first setting unit 1501
and 1maging under the imaging condition derived by the
derivation unit 1503. In the imaging under the 1maging
condition derived by the derivation unit 1503, the high-
luminance object 1s detected by using a photometric func-
tion, and the 1imaging 1s performed 1n a state where a region
corresponding to the high-luminance object 1s shielded. The
shielding may be automatically performed by using a shield-
ing member provided to the imaging apparatus 13, or a
position to be shielded may be notified to the user through
display on a momitor or an electronic viewfinder (EVF). An
example of the shielding member 1s a liquid crystal film
attached to a front surface of the lens. To change the imaging
range, the imaging unit 1504 controls an automatic pan head
connected to the imaging apparatus 13, thereby changing the
imaging range. To change the zoom magnification, the
imaging unit 1504 controls an automatic zoom lens provided
to the imaging apparatus 13, thereby changing the imaging
range.

Modification of Fourth Exemplary Embodiment

The imaging apparatus 13 may further include a gmde
display control unit. FIG. 16A 1illustrates a state of the
imaging performed to obtain the second 1image data acquired
in the first exemplary embodiment. The guide display con-
trol unit prompts the user to change the 1maging range to the
lower left of a range indicated by a marker 1601. FIG. 16B
illustrates a state of the imaging performed to obtain the
second 1mage data acquired 1 the second exemplary
embodiment. The guide display control unit prompts the
user to change the imaging range inward of a range indicated
by a marker 1602. FI1G. 16C 1llustrates a state of the 1maging
performed to obtain the second image data acquired 1n the
third exemplary embodiment. The guide display control unit
prompts the user to shield a high-luminance object 1n a range
indicated by a marker 1603. The markers 1llustrated in FIGS.
16A to 16C are each superimposed on an image to be
captured and are each displayed on the monitor or the EVF.

The imaging apparatus 13 may further include a correc-
tion unit and a storage unit. The correction unit corrects the
first image obtained under the 1maging condition set by the
first setting unit 1501 by the above-described method by
using the second 1mage obtained under the 1maging condi-
tion set by the second setting unit 1502. The storage umit
stores the first image data representing the corrected first
image.

In addition, 1n the present exemplary embodiment, the
derivation unit 1503 derives the imaging condition in the
imaging to obtain the second 1mage data. Alternatively, the
imaging condition may be set based on the information
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representing the instruction from the user 1n a manner
similar to the first setting unit 1501.

The second setting unit 1502 according to the present
exemplary embodiment sets whether to correct the first
image based on the information representing the instruction
from the user. Alternatively, the second setting unit 1502
may determine whether 1image quality degradation occurs
based on the first image. For example, 1n a case where the
first 1mage includes a pixel that has a luminance value
greater than or equal to a threshold, the second setting unit
1502 determines that the image quality degradation occurs.

Each of the first setting unit 1501 and the second setting
unit 1502 according to the present exemplary embodiment 1s
a setting unit to set the imaging condition; however, 1t may
be a setting unit to set an 1maging mode 1n the 1imaging. For
example, the first setting unit 1501 sets, as an imaging mode,
either a first mode 1n which 1maging i1s performed while the
high-luminance object 1s included 1n the 1imaging range or a
second mode 1 which mmaging 1s performed while the
high-luminance object 1s not included in the 1maging range.
After the 1imaging 1s performed 1n the mode set by the first
setting unit 1501, the second setting unit 1502 sets, as an
imaging mode, a mode that has not been set by the first
setting unit 1501 of the first mode and the second mode.

In the present exemplary embodiment, the 1maging appa-
ratus 13 includes the first setting unit 1501, the second
setting unit 1502, and the derivation unit 1503; however, the
image processing apparatus 1 according to any of the first to
third exemplary embodiments may include the above-de-
scribed configuration.

[T

flects of Fourth Exemplary Embodiment

As described above, the imaging apparatus according to
the present exemplary embodiment derives the imaging
condition suitable for obtaining the image for correction
based on the instruction from the user, and the imaging
apparatus performs the imaging. Accordingly, 1t 1s possible
to easily acquire the image used to reduce the 1image quality
degradation caused by the high-luminance object with a high
accuracy.

In the above-described exemplary embodiments, one
image for correction 1s used for one 1mage to be corrected;
however, the number of 1images 1s not limited thereto. For
example, correction processing may be performed by using
two 1mages each for performing a correction on one 1mage
to be corrected, and one of two resultant images that has
reduced 1mage quality degradation better than the other may
be used as the correction result. Alternatively, correction
processing may be performed by using one image for
performing a correction on two 1mages to be corrected.

In the above-described exemplary embodiments, the case
has been described where one region i1s extracted as the
high-luminance region; however, a plurality of regions may
be extracted. In this case, 1n the fitting performed to estimate
the 1image quality degradation, a damping function centering
on the each of the high-luminance regions 1s used.

In the above-described exemplary embodiments, the
image quality degradation 1s estimated by performing the
fitting on the pixel values of the combined 1image; however,
processing may be added to reduce partial image quality
degradation, such as ghost, with a high accuracy. For
example, 1n a case where the ghost occurs 1n the first image
to be corrected, an 1mage that includes a position point-
symmetric to the image of the high-luminance object 1n the
first image about the center of the first image 1s prepared as
the second 1mage for correction. The ghost 1s likely to occur
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particularly clearly at the position point-symmetric to the
image of the high-luminance object about the center of the
image. Accordingly, by including the above-described point-
symmetric position 1n the second image, 1t 1s possible to
include, in the second 1mage, the position where the ghost
occurs 1n the first image. In S3052, to estimate the 1mage
quality degradation expanded from the high-luminance
region with a high accuracy, the generation unit 209 does not
use the pixel values of the combined 1image at the position
corresponding to the ghost in the fitting. In S3053, the
generation umt 209 subtracts the pixel values of the
extracted 1mage from the pixel values of the image repre-
senting Gaussian distribution obtained through the fitting 1n
S3052 to generate the degraded 1image data representing the
subtraction result. Further, the generation unit 209 extracts
the pixel values at the position corresponding to the ghost
from the first image subjected to the subtraction processing
obtained 1n S303, and the generation unit 209 adds the
extracted pixel values to the pixel values of the degraded
image. As a result, it 1s possible to generate the degraded
image data representing the distribution of the partial image
quality degradation, such as the ghost, 1n addition to the
image quality degradation expanded from the high-lumi-
nance region. By correcting the first image using the
degraded 1mage data, 1t 1s possible to reduce the image
quality degradation expanded from the high-luminance
region and the partial image quality degradation, such as the
ghost, with a high accuracy. To extract the pixel values at the
position corresponding to the ghost from the first 1image
subjected to the subtraction processing, the pixel values that
are greater than or equal to the predetermined threshold are
extracted. To prepare the second image, for example, a
position where the ghost occurs particularly clearly 1s deter-
mined based on the position of the high-luminance region in
the first image aiter the first image 1s obtained by 1maging,
and the 1imaging is performed so as to include the determined
position 1n the second 1image. In the imaging to obtain the
second 1mage, the position where the ghost occurs particu-
larly clearly 1s notified to the user by using a marker. In the
above-described example of the processing, the second
image 1s prepared while the position point-symmetric to the
image of the high-luminance object about the center of the
image 1s estimated as the position where the ghost occurs.
Alternatively, the second 1image may be prepared while a
position on a straight line passing through the image of the
high-luminance object and the center of the 1mage 15 esti-
mated as the position where the ghost occurs. Further, the
second 1mage may be prepared while a region near the
position point-symmetric to the image of the high-luminance
object about the center of the image 1s estimated as the
position where the ghost occurs. In this example, the region
near the point-symmetric position 1s a region from the
point-symmetric position to a position separated by a pre-
determined distance therefrom. Moreover, whether to per-
form the above-described processing to reduce the partial
image quality degradation, such as the ghost, with a high
accuracy in addition to the processing according to the
above-described exemplary embodiments may be switched
in response to an mstruction from the user. The nstruction
from the user may be received via the Ul displayed on the
display. Moreover, in the above-described exemplary
embodiments, the distribution of the degree of image quality
degradation 1n the region other than the overlapping region
1s calculated by the fitting; however, the method of calcu-
lating the distribution of the degree of 1image quality deg-
radation 1s not limited thereto. For example, in a case where
only the partial image quality degradation, such as the ghost,
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occurs 1n the overlapping region, the result of the subtraction
processing by the subtraction processing unit 207 may be

regarded as the distribution of the image quality degradation
in the first 1mage without performing the fitting. In a case
where the luminance value at an end part of the overlapping,
region 1s lower than a threshold 1n the result of the subtrac-
tion processing by the subtraction processing unit 207, 1t 1s
determined that expansion of the image quality degradation
in the region other than the overlapping region 1s not present,
and the degraded image data i1s generated without perform-
ing the fitting.

In the first to third exemplary embodiments, the imaging
method to obtain the first 1mage data and the imaging
method to obtain the second image data are different from
cach other; however, the imaging methods may be combined
to perform the imaging. For example, the imaging range
may be changed by moving the imaging apparatus and by
changing the zoom position.

The 1mage acquisition unit 201 according to the above-
described exemplary embodiments acquires the first image
data and the second image data that are preliminarily stored
in a storage device, such as the HDD 15. Alternatively, the
image acquisition unit 201 may acquire the image data
directly from the 1maging apparatus 13.

In the above-described exemplary embodiments, the first
image data and the second 1mage data are acquired, and the
positioning processing, the subtraction processing, and the
extraction of the high-luminance region in the first image are
performed; however, the processing 1s not limited thereto.
For example, the first image data representing the first image
subjected to the subtraction processing and the data repre-
senting the position and the pixel values of the high-
luminance region in the first image may be preliminarily
generated and stored 1n a storage device, such as the HDD
15. The generation unit 209 may acquire the above-de-
scribed data stored 1n the storage device and use the acquired
data to generate the degraded 1mage data.

The generation unit 209 according to the above-described
exemplary embodiments transmits the generated degraded
image data to the correction unit 203. Also, the generation
unit 209 may output the degraded 1image data to an external
apparatus.

The extraction unit 208 according to the above-described
exemplary embodiments extracts the high-luminance region
in the first 1mage, and the extraction unit 208 generates the
information indicating the position of the extracted region
and the pixel values 1n the extracted region. Alternatively,
the extraction unit 208 may generate information indicating,
only the position of the extracted region. In this case, the
fitting by the generation unit 209 1s performed on the pixel
values of the overlapping region in the combined 1mage.

According to various embodiments, 1t 1s possible to
reduce the image quality degradation caused by the high-
luminance object with high accuracy.

OTHER

EMBODIMENTS

Some embodiments can also be realized by a computer of
a system or apparatus that reads out and executes computer-
executable 1nstructions (e.g., one or more programs)
recorded on a storage medium (which may also be referred
to more fully as a ‘non-transitory computer-readable storage
medium’) to perform the functions of one or more of the
above-described embodiment(s) and/or that includes one or
more circuits (e.g., application specific integrated circuit
(ASIC)) for performing the functions of one or more of the
above-described embodiment(s), and by a method per-
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formed by the computer of the system or apparatus by, for
example, reading out and executing the computer-execut-
able mnstructions from the storage medium to perform the
functions of one or more of the above-described embodi-
ment(s) and/or controlling the one or more circuits to
perform the functions of one or more of the above-described
embodiment(s). The computer may comprise one or more
processors (e.g., central processing unit (CPU), micro pro-
cessing unit (MPU)) and may 1nclude a network of separate
computers or separate processors to read out and execute the
computer-executable 1nstructions. The computer-executable
istructions may be provided to the computer, for example,
from a network or the storage medium. The storage medium
may include, for example, one or more of a hard disk, a
random-access memory (RAM), a read only memory
(ROM), a storage of distributed computing systems, an
optical disk (such as a compact disc (CD), digital versatile
disc (DVD), or Blu-ray Disc (BD)™), a flash memory
device, a memory card, and the like.

While the present disclosure has described exemplary
embodiments, it 1s to be understood that the claims are not
limited to the disclosed exemplary embodiments. The scope
of the following claims 1s to be accorded the broadest
interpretation so as to encompass all such modifications and
equivalent structures and functions.

This application claims priority to Japanese Patent Appli-
cation No. 2018-035568, which was filed on Feb. 28, 2018
and which 1s hereby incorporated by reference herein 1n 1ts
entirety.

What 1s claimed 1s:

1. An 1image processing apparatus, comprising:

a first acquisition unit configured to acquire first data
based on a first image that includes a high-luminance
region and a second 1mage that includes an overlapping
region with the first image and that does not include the
high-luminance region, the first data representing flare
distribution 1n the overlapping region 1n the first image;

a second acquisition unit configured to acquire second
data representing a position of the high-luminance
region 1n the first 1mage;

a generation unit configured to generate third data repre-
senting flare distribution 1n the first image based on the
first data and the second data; and

a correction unit configured to correct the first 1image
based on the third data.

2. The 1mage processing apparatus according to claim 1,
wherein the flare distribution 1n the first 1mage represented
by the third data includes flare distribution of a region other
than the overlapping region in the first image.

3. The image processing apparatus according to claim 1,
wherein the generation unit calculates the flare distribution
in the first image by performing fitting to a damping function
centering on a position of the high-luminance region repre-
sented by the second data on at least a part of pixel values
of the tlare distribution represented by the first data.

4. The 1image processing apparatus according to claim 3,

wherein the second data 1s data that further represents
pixel values of the high-luminance region, and

wherein the generation unit performs the fitting on at least
a part of the pixel values of the flare distribution
represented by the first data and at least a part of pixel
values of the high-luminance region.

5. The 1mage processing apparatus according to claim 3,
wherein the damping function 1s a Gaussian function.

6. The image processing apparatus according to claim 3,
wherein the damping function 1s an exponential function.
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7. The 1mage processing apparatus according to claim 1,
wherein an 1maging range in imaging to obtain the first
image 1s different from an 1maging range in imaging to
obtain the second image.

8. The 1image processing apparatus according to claim 7,
wherein the imaging to obtain the first image and the
imaging to obtain the second image are different in at least
one of a position and a direction of the imaging.

9. The 1image processing apparatus according to claim 7,
wherein the imaging to obtain the first image and the
imaging to obtain the second image are different 1n zoom
magnification.

10. The image processing apparatus according to claim 7,
wherein light from a high-luminance object in the 1maging,
range 1s shielded 1n the 1maging to obtain the second 1mage.

11. The image processing apparatus according to claim 1,
turther comprising a third acquisition unit configured to
acquire first image data representing the first image and
second 1mage data representing the second image,

wherein the first acquisition unit generates the first data

based on the first image data and the second 1image data,
and

wherein the second acquisition unit generates the second

data based on the first image data.

12. The image processing apparatus according to claim
11, wherein the first acquisition unit generates the first data
by performing positioning processing on the second image
s0 as to match a position of an object included 1n the first
image with a position of the object included in the second
image and by subtracting pixel values of the second image
subjected to the positioning processing from pixel values of
the first image.

13. The image processing apparatus according to claim
12, wherein the first acquisition unit converts a resolution of
the second 1mage to match a resolution of the first image
with the resolution of the second image, and performs the
positioning processing on the second image of which the
resolution has been converted.

14. The image processing apparatus according to claim
13, wherein the first acquisition unit corrects a color of the
second 1mage, and converts the resolution of the second
image ol which the color has been corrected.

15. The 1mage processing apparatus according to claim
14,

wherein the first acquisition unit corrects the color of the

second 1mage by using a table for color correction, and

wherein the table 1s created based on pixel values of a

third image and pixel values of a fourth image, the third
image being obtained through 1imaging of a color chart
under an 1maging condition the same as an i1maging
condition of the imaging to obtain the first image, and
the fourth 1mage being obtained through 1maging of the
color chart under an 1maging condition the same as an
imaging condition of the imaging to obtain the second
1mage.

16. The 1image processing apparatus according to claim 1,
wherein the flare includes ghost.
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17. An 1mage processing apparatus, comprising;:

an acquisition umt configured to acquire first image data
representing a first 1image that includes a high-lumi-
nance region and second image data representing a
second 1mage that includes an overlapping region with
the first 1mage and that does not include the high-
luminance region; and

an output unit configured to output data representing flare

distribution 1n the first image based on the first image
data and the second image data,

wherein the flare distribution in the first image 1ncludes

flare distribution 1n a region other than the overlapping
region 1n the first image.

18. An 1mage processing method, comprising:

acquiring first data based on a first 1mage that includes a

high-luminance region and a second image that
includes an overlapping region with the first image and
that does not include the high-luminance region, the
first data representing flare distribution in the overlap-
ping region in the first image;

acquiring second data representing a position of the

high-luminance region 1n the first 1mage;

generating third data representing flare distribution 1n the

first image based on the first data and the second data;
and
correcting the first image based on the third data.
19. An 1mage processing method, comprising:
acquiring first image data representing a first 1mage that
includes a high-luminance region and second image
data representing a second i1mage that includes an
overlapping region with the first image and that does
not iclude the high-luminance region; and

outputting data representing flare distribution in the first
image based on the first image data and the second
image data,

wherein the flare distribution 1n the first image ncludes

flare distribution in a region other than the overlapping
region 1n the first image.

20. A non-transitory computer-readable storage medium
storing 1nstructions that, when executed by a computer,
cause the computer to perform an 1mage processing method,
the 1mage processing method comprising:

acquiring first data based on a first 1mage that includes a

high-luminance region and a second image that
includes an overlapping region with the first image and
that does not include the high-luminance region, the
first data representing flare distribution in the overlap-
ping region 1n the first 1image;

acquiring second data representing a position of the

high-luminance region 1n the first 1mage;

generating third data representing tlare distribution 1n the

first image based on the first data and the second data;
and

correcting the first image based on the third data.
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